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@ Ad he son variants, nucleic acid encoding them and compositions comprising them. 

© Novel derivatives of ceil surface proteins which are riomoiogous to the immunogioouiin suoerfamiiy 
< acme sons) are provided. Amino aod secuence venations are introduced mto adheson. :ne most noteworthy ol 
wtwcn are those m which the transmemorane and. prefer aDty cytoplasmic domains are rencered functionally 
inactive, ano m wmch adheson eatraceeular oomains replace an immunogksoobn vanao*e region. These variants 
are useful m therapy or diagnostics, m pamcutar. CD4 variants are therapeutically useful m the treatment of HIV 
infections 
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AOHESON VARIANTS. NUCLEIC ACID ENCODING THEM AND COMPOSITIONS COMPRISING THEM 



This application relates to compositions tor antiviral or immunomodulatory therap, In particular, it 
relates to compositions useful «n the treatment of Human Immunodeficiency Virus I HIV) infections. 

Toe primary immunologic abnormality resulting from infection by HIV is the progressive depletion and 

5 functional impairment of T lymphocytes expressing the CD4 cell surlace glycoprotein <H. Lane et ai Ann 
Rev Immunol 3 477 ft 985)) CD4 *s a non-polymorphic glycoprotein with homology to the immunoglobulin 
gene suoerfamiry (P Maodon et ai Cell 42:93 [1985)). Together with the CD8 surface antigen CD4 defines 
two distinct subsets of mature "peripheral T cells (E. Remners et ai . Ce» 19 821 [i960]), which are 
distinguished by their ability tc interact with nominal antigen targets m me conte«t of ciass I and ctass » 

-o major histocompatibility compiei (MHO antigens, respectively <S Swan. Prcc Natl Acad Sci 78 7101 
[1981 J; E Engieman et ai J. Immunol 127 2124 [1981]. M Spitz et ai J. Immunol t29 1S63 [1982] W 
B*ddison et ai J Exp Med 156 1065 (7982). and O Wild€ et ai. J Immunol i^ 2178 t ,98 31> Fcr me 
most pan. CD4 T cons display the helper inducer T cell phenotype iE. Retnner; supra > although CD4 T 
ceils characterized as cytotoxic suppressor T ceils nave also bten identified iY Thomas et ai.. J Exp Mec 

•s 154 459 [1981J. S Meuer et ai . Proc. Natl Acad. So USA 79 4395 [1982]: and A K/ensIty et ai Proc 
Man Acad. So USA 79 2365 [ 19821) The loss of C04 heipe* inducer T celt function probably underlies me 
profound defects m ceMuia/ and humoral immunity leading to the opportunistic infections and malignancies 
cna/acteastics of the acoutred .mmunooetioency syndrome iAIOS) <H Lane supra i 

Studies of hiv-i infection cf fractionated CD4 and C08 T ce«s from normal Conors and AlOS patients 

?c nave revealed mat depletion of CD4 T ceiis results from the ability of nrv-i :o selectively infect. ?ep*<ate *v 
and ultimately destroy this T ty monocyte subset iO Kiaumann et ai . Science 225 59 it 984]) The 
possibility that CD4 itself is an essential component of the ceiMar receptor *c* hiv-i -as first »nd»cateo by 
me observation that monoclonal anti boo«es directed against CD4 o*cc* miv-i .nfecoon and syncytia 
mouction ia Daigieish et ai.. Nature [London] 312.767 (1984): J McDougai et ai J immune* i35.3i5i 

*s [1985]) This hypothesis"nas oee« confirmed Oy the demonstration mat a moiecutar ccmc»e* forms oerween 
C04 anc gpi20. the max* enveicoe glycoprotein of HlV-l U McDougai et aj Science 231 382 [1986]. and 
me fioomg that HIV-I tror>$m car be conferred upon oromanty non-oer missive human cetis festawtng the 
statxe expression of a C04 cOna «P Maodon et aJ.. Ceil 47 333 [i986]> Furthermore, me «eurotroc*c 
properties ol HIV-I. reflected by a high mocence of central nervous system cystunction .n HIV-I infected 

x individuals <W Snider et ai . Ann Neuro* 14 403 [1983]). and the aovfety to detect hiv-i m me Oram assue 
and cerebrospinal Hu*o oPAlOS catients <G Shaw et ai . Science 227 177 [1985]. L €cste»n AIDS f*es 
i 447 [1985]: S Koerng Science 233 1089 (1986): O Ho et ai N Engi J Mec 313 1498 [1985] J Levy et 
ai Lancet H:586 (1985]) apoeais to nave as explanation m the expression of CD-* in cells of neuronal guaj 
ana monocyte macrophage origin t P Maooon Cen 47 444 (1986]. I Funk© et at . j £*p Mec ^65 1230 

n [1986]. 6 Tounnetiie et ai Science 234 610 [1986]) 

m addition to determining me susceotit>hfy to hiv-i infection, the manifestation of cytooam*c effects in 
the mtected host cei appears to involve CD4 Antibody to CCM was found to inhibit the fusion cf uninfected 
CD4 T cetis «nth hiv-i mtected ceils m vitro: moreover, the giant multinucleated ceits produced by this 
event die shortly after being formed resulting m the depletion of the population of CD4 ceils U Ufscn et ai . 

jo Science 232:1123 [>986D Formation ol syncytia also requires gpi20 expression, and can be elicited by 
cocutturmg CD4-oosmve ceti Unes with ceil unes expressing the HIV-l env gene m the absence cf other viral 
structural or regulatory proteins tJ Sodroski et ai.. Nature 322:470 [1986]: J Ufson et ai Nature 323 725 
[1986]) Thus, m mediating both the initial infection by HlV-l as wen as eventual cen oeam. me interaction 
between gpi20 and CD4 constitutes one of several critical entry points m the viral life cycie amenable to 

45 theraoeutic intervention iH Mitsuya et ai Nature 325 773 [1987]). 

The known seouence of the C04 precursor predicts a hyorophobic signal peptide an extracellular 
region cf approximately 370 amino ac*ds. a highly hydrophobic stretch with significant identity ic me 
membrane-spanmng domain of the c!ass m mhC beta chain, and a highly charged intracellular seouence of 
40 residues <P Madden Cell 42 93 [1985]) The extracellular domain of CD4 consists of four contiguous 

so regions each having ammo aoo and structural similarity to the variable and joining iV-J) domains of 
immunogloouim light cnam$ as *eii as related regions in other members of the immunoglobulin gene 
suoerfamiiy <a subclass ol which are defined nerem by the coined term "aohesons" These structurally 
similar regions of C04 are termed the VJ-. V : J : . ViJi and V;J* domains (denominated t-4 m Fig. 3». 

A successful strategy m the development of drugs for the treatment :f many receptor mediated 
abnormalities nas been the identification of antagonists which block binding of the natural iiganc S«nce the 
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CD4 adhosci. ordinarily binds to the recognition sues of the miv envc»ope it would aopear to be a candidate 
tor therapeutically sequestering these HIV sites, thereby blocking viral iniectivity However. full length CD4 
and other adhesons are ceil membrane proteins which are anchored m the lipid biiayer of lymphocytes. The 
presence of mombrane components will be unqesiraoie from the standpoint of manufacturing and punfica- 

5 lion in addition, since adhesons are normally present only on ceil surfaces, it would be desirable to 
produce adhesons m a form which is more stable m the circulation Additionally. ev«.n truncated, soluble 
C04 adheson (generally referred to as CD4T) may not be optimally effective as a therapeutic smce it 
possesses a relatively snort biological half-life, binds to HIV no better than ceil surface C04. may not cross 
the placental or other biological barriers and since it merely sequesters me HIV recognition sites without m 

'0 itself bearing an infected-cell killing or virus kilting functionality 

Accordingly, it is desirable to produce soluble, secreted adhesons. it is aJso desirable to produce C04 
derivatives useful m me treatment ol AIDS and related conditions, m a manner essentially unaffected by me 
extreme degree of genet* variation observed among various HIV-l .sotates and their respective env 
polypeptides U.Coffin. Cell 46 i p986]) it is further desirable to prepare adhesons fused to other 

'S polypeptides m order to provide molecules with novel functionalities such as those ae sen bed aoove for 
therapeutic use. or diagnostic reagents for the m vitro assay of adhesons or their iigands in particular, it «s 
desirable to prepared molecules for directing to«»ns or effector molecules tf-r example the Fc domain of 
immunoglobulin) to cells bearing receptors for the adhesons. e.g. HIV gpl20 m the case of CO* and for 
use m facilitating punfica&on of the adhesons it »s further desirable to provide stable, highly purified 

to adheson preparations 

The present invention provides nucleic acid encoding an amino aod sequence vanant of an aoheson. m 
particular a variant m wmcn the trans-memorane domain is modified so trai it •$ no longer caoaote of 
becoming lodged m me ceil memorane. i.e. inactivated, for example, by deletion of substitution m the case 
of C04 such variants are termed CQ4 

» Vanant adhesons are produced by a method comprising (a) transforming a host ce*i with nucleic acid 
encoding an amino aod sequence vanant cf an aoheson. <b) eultunng the host ce* and <c> recovering the 
vanant adheson from the host ce« culture media. 

in another embodiment the invention provices an adheson vanant selected from the group consisting of 
<a» an acne son amino aod sequence variant having an inactivated transmemorane somam anc ifci a 

jo polypeptide comprising an aoneson e»traceiluiar domain fused to the sequence cf a ociypeoboe -»n»cn »$ 
different from the adheson mis lane* selected' from a cytotcxm an ■mmunogen or an .mmunogiociuHn 
constant domain 

m a preferred embodiment a pofypeonoe comprising a gpi20 t>nong 3cma*n of the CO» ache son is 
fused at its C-termmus to an •mmunogioo^kn constant domain, or is unkec to a cytotoxic DOtypeutioe sucn 
» as ricm. 

The CD4 adheson variants provided ne*e»n are purified and formulated m pnarmacoioocaiiy accectacne 
vehicles for administration to patients m need of anovwa* or immunomoouiator/ tneraoy «n caracuiar 
patients infected with HIV. 

Bnef Description of the Drawings 

Figs ta-lc depict the ammo aod and nucleotide sequence of a secreted form of the CD4 adheson 
js (CD4T>. Other forms of CD4T terminate at Ser 366 or Pro 368. The signal processing site is designated witn 
an arrow. 

Figs 2a*2c depict the ammo aoo and nucleotide sequence of a fusion of the herpes gD leader and 
N-termmai 27 residues to the putative mature N-termmus of CD4T. 

Fig. 3 depicts the structural elements of the native and soluble CD4 antigen, the native »m- 
50 munogioouhn G heavy <>> Cham and two eMempiary heavy cnam-CD4 chimeras. 

Figs. 4a-4b are a map of the tinkered immunoglobulin y chain fragment employed m the preparation 
of CD4 fusions, insert sites are designated >i and Fc. 

Fig 5 is a map of a human tight Cham fragment useful for CD4 fusions at the arrow flanked by V»j» - 
i light variable and joining) and C % i light constant). 
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Adhesons are ceil surface ooiyoeottdes navmg an extracellular comam v»hicn is homologous to a 
memoe* Ol the immunoglobulin gene suoerfamily. excluding, however, highly poiymofon.C memoers ol tnis 
superiamiiy selected from the grouo of ciass I and ciass u maror histocompatibility antigens, im- 
munoglobulins and T-ceii receotor o j . > anc 4 chains Examples of adhesons moude C02 C04. CD8. 
5 C028. the y. i ano . chains of C03. Ox-2 Thyi me intercellular or ^eurai ceil adhesion molecules fi-CAM 
or N-CAM) neurocytopiasmic protein (NCP-3). ooiy-ig receptor, myeim-associated glycoprotein iMAG>. high 
affinity igE receptor the maior glycoprotein o* peripheral myelin «Po). platelet derived growth factor 
'ecepto*. colony sttmuatmg factor- 1 receptor macrophage Fc receptor. Fc .gamma receptors ano car* 
cmoemoryonic antigen Homologous as defined herein means having the seouence of a memoer of the 

*r •mmunogioDuiin gene supertamiiy or having a sequence therewitnm which has suOstantia"y the same as tor 
a greater degree of) ammo acid sequence homology to a known memoer of the suoerfamily as the specific 
examples given aoove nave to the sequence of an tmmunogtoouiin variable or constant domain Preferred 
adhesons are C04. COS and high affinity IgE receptor 

This invention is particularly concerned with amino acid sequence variants of a-a^escrs Amino acid 

•5 sequence variants of adhesons are prepared with various oorectives m mtno. including increasing the affinity 
of tne adheson for its binding partner facilitating the stability, purification and preparation of the ache son. 
•ncreasmg it plasma naif Me. improving therapeutic efficacy as oescnbed above m tne oacK ground, 
■ntroducmg additional functionalities and lessening the seventy or occurrence of s»de effects during 
Therapeutic use of tne aoneson Amino acid sequence variants of adhesons fall mto one cr a combination cf 

>c !he following classes inserttonai substitutional or oeiettcnai variants 

m$ertK>na» ammo aoo sequence variants are these m «*n<h one or mo*e ammo actC residues 
extraneous to tne acheson are introduced mto a predetermined site m tne acheson including me C or N 
f ermim Such variants are referred to as fusions of the aoneson ano a offer ent ooiycectioe are produced. 
Sucn otne« polypeptides contain sequences other than those wn*cn are normally founo m me acheson at 

n tne m seated position Several groups of fusions are contemplated her em immunologically active adheson 
*us*ons comprise an aoneson ano a po*y peptide containing a non- acheson epitope The ron- adheson 
eotooe is any immunologically competent polypeptide i e . any polypeptide »mch •$ cacafcie of eliciting an 
•mmune response m me animal to «n<n me fusion is to oe acmimsterec or wmcn is capaoie of bemg 
bouno oy an antibody 'aisec agamst me non-aoneson polypeptide. TycxaJ non- acnescn epitopes win be 

x mose *m»ch are borne by auergens. autoimmune epitopes, cr other potent immunogens or antigens 
recognizee oy pre-e*isting antioooes m me fusion recipient, including bacterial polypeptides such as trpLE. 
oeta-gaiactosicase. virai polypeptides sucn as herpes gO protem. anc me Mce immunogenic fusions are 
produced by crcss-'mmng m vitro or oy recombinant cell culture transformed with DMA encoding an 
mmunogenic DC «y peptide ifis prefer ace mat me immunogenic fusion be one in *micn me .mmunogenic 

j* secuence is /dneo to or inserted mto me aoneson antigen or fragment thereof by a peptide ocnoisi These 
products merefde consist of a mear polypeptide cnam containing acheson epitopes ano at east one 
ep>tooe foreign to me aoneson it win oe understood that «t is *nthm me scope cf mis .nvent>on to mirocuce 
me epitopes anywnere witnm me aoneson molecule or fragment thereof Such fusions are conveniently 
mace m recombinant host celts or by tne use of bilunctionai cross^mkmg agents. The use of a cross-unking 
agent to fuse me aoneson to me immunogenic polypeptide is net as desirable as a mear fusion because 
me cross -untied products are not as easny synthesized m structurally homogeneous fcrm 

These immunogenic insertions are particularly useful when formulated mto a pharmacologically accept- 
able earner ano administered to a subject m oroer to raise antibodies agamst me adheson. wnicn antibodies 
n turn are useful m 'diagnostics cr m punf»canon of adheson oy immunoaffinity techniques Known per se. 

-cs Alter natrvety. m me purification of acnesons. omctng partners for me fused non- aoneson poiyoeptiae. e g. 
antibodies, receotor s or itgancs. are used to adsorb the fusion from impure admixtures after which me 
fusion is efuted and. if desired, me aoneson is recovered from the fusion, e g by enzymatic cleavage. 

Other fusions, which may or mav not also be immunologically active, include fusions of the adhesion 
sequence wttn a signal sequence heterologous to the aoneson. fusions of transmembrane-moofieo CD4 

sc acnesons tor. example to polypeptides navmg enhanced plasma naif tife lordmaniy >aboui 20 noursi such 
as immunoglobulin chains or fragments thereof, and fusions witn cytotoxic functionalities Signal sequence 
fusions are employed m order to more expeditiously direct me secretion of the aoneson The heterologous 
signal replaces me native adheson signal, ano when the resulting fusion is recognized. • e orccessec and 
cleaved by me host ceil, the adheson .s secreted Signals are selected based on the intended ^ost ceil and 

ss may mctude bacterial yeast, mammalian and viral sequences The herpes gO glycoprotein signal »s suitable 
for use m mammalian expression systems 

Plasma proteins which have enhanced piasma naiMife longer than that of transmembrane modified C04 
mciude serum aibumm. immunoglobulins aooiipoorotems. ano transferrin Preferaoiy the aane^on-piasma 
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D'otem fusion >s not sigmficaniiy immunogenic m the animal m whicn it is useo and the plasma protein does 
not cause undesirable side effects m patients by virtue of its normal biological activity 

in a specific embodiment the adheson constant and or variable region-tike domain is conjugated with an 
immunoglobulin constant region sequence The resulting products are referred to herein as immunoad- 

i nesons immunoglobulins and certain variants thereof are known and many have been prepared m 
recombinant ceil culture For example, see U.S. Patent 4.745.055. EP 256.654: Faulkner et aJ.. Nature 
298 286 (1962). EP 120.694: EP 125.023: Morrison. J. Immun. 123.793 H 979): Kohler et aJ.. P.N.A.S USA 
77 2197 (1980). Raso et aJ . Cancer Res. 41:2073 (1981): Mornson et ai.. Ann. Rev. Immunol. 2:239 (1984): 
Mbrnson. Science 229:1202 (1985). Mornson et aJ.. P N.A.S. USA 8K68S1 (1984): EP 255.694fHP 266.663: 

»c and WO 8803559 Reas sorted immunoglobulin cnains also are known. See for example US patent 
4 444 878: WO 8803565 and EP 68.763 and references cited therein. 

Ordinarily the domains of aohesons that are homologous to immunoglobulins and extracellular m thetr 
native environment are fused C-termirvaily to the N-termmus of the constant region of immunoglobulins m 
place of the variable regtomsMike thereof, retaining at least functionally active hinge. CH2 and CH3 

•3 domains of the constant region of an immunoglobulin heavy chain. This ordinarily is accomplished by 
constructing the appropriate ONA seouence and expressing it »n recombinant cell culture. Immunoglobulins 
and other polypeptides having enhanced plasma naif bfe are fused to the extracellular or bgand binding 
domains of other adhesons m the same fashion. 

The boundary domains for the CD4 V-iike regions (V1-V4) are. respectively, about 100-109. about 175- 

20 i&4 about 289-298. and about 360-369 (based on the precursor CD4 ammo aod sequence m wn»ch me 
initiating met is -25. Fig. tat CD4 sequences containing any of the CD4 V domains are fused to the 
immunoglobulin sequence ft is preferable that the V1V2 or V1V2V3V4 be fused at thetr C-termtm to the 
immunoglobulin constant region The preose site at which the fusion is made is not cnfrcai: the boundary 
domains noted herein are for gi*dance only and other sites n ei ghb oring or withm the V regions may be 

n selected m order to optimize the secretion or binding char acten sties of the C04. The optimal site will be 
determined by routine experimentation, m general, it has been found that the fusions are expressed 
•ntraceiiu'arry. but a great deal of variation is encountered in the degree of secretion of the fusions from 
recombinant hosts. For instance the following table demonstrates die vanous immunoglobulin fusions that 
have been obtained by the method of trus invention, in all examples of C04 immunoadhesons. the C04 

x> signal was used to direct secretion from 293 cells, tower case m represents munne ongm. while the iower 
case h designates human ongm V and C are abbreviations for immunoglobulin variable and constant 
domains respectively. The numerical subscripts indicate the number of parenthetical umts found zt the 
designated mummer, it w»p be understood that the chams of the mummers are bel i eved to be disulfide 
oonoed «n the same fashion as native immunoglobulins. The CQ4 immunoadhesons typically contained 

» e«tner tne first N-terminaJ 366 residues of CD4 <CD4.) or the first 180 W-termmai residues of CD4 (CD4?> 
linked at their. C -terminus to the « (bght) chain or igGi heavy chain constant region 
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Table I 



Transfected Ceng 



Secreceo* Proo^c* 



*V K C K and/or W K C K ) 2 



mV 7l C 7l 



ND 



<»V Jt C^) 2 (mV 7l C- rl ) 2 * 
■V^C* and/or (mV je C <c ) 2 



hCD4-»C* 



hCDfc-aC* and/or (hCD^-mC*^ 



20 



hCD4-aC 7l 



bCD4-BC« ♦ hCD4-nC 7 x 



ND 



(hCD4. B C JC ) 2 (hCD4-aC Tl )2 ♦ 
hCD4-oC. and/or (hCD4-nC JC ) 2 



hCD4-hC A 



hOtt-hC* and/or (hCD4-hC*) 2 



hCD4-hC y i 



(hCD4.hC 7l ) 2 



hCD4-hC^ ♦ hCDt-hCyX 



(hCD4 -hC* ) 2 (hCDfc -hC^ ) 2 ♦ 
hCD4-hC JC and/or (bCD4-hC JC ) 2 



<aV JC C iC ) 2 (hCD4-hC 7l )2 ♦ 
■V^C* and/or (aV lc C JC ) 2 



+ND -Not dececced 
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n is i nt erest in g to observe Horn this table mat the CD4-human heavy chain immunoadheson was secreted 
as a Owner whereas the analogous mmme construction was not Detected (this not excluding the intracellular 
accumulation of the protein, however) The ability of the hCD4-hC>l transformams to produce heavy chain 
dimer was unexpected since previous wort had suggested that immunoglobulin heavy chains are not 
secreted unless the hosts are cotr arts formed with nucleic acid encoding both heavy and bght chain (Valle et 
aJ . Nature 241:336 (1981)) According to this invention. CO*-lgG immunoadheson chimeras are readily 
secreted wherein the CD4 epitope is present m light chain dimers. heavy chain monomers or dtmers. and 
heavy an/l light chain tetramers wherein me CD4 epitope is present fused to one or more light or heavy 
chains, including heterotetramers wnerern up to and including ail four variable region analogues are derived 
from CtX. Where tight-heavy chain non-C04 variable domain is present, a neterofunctional antibody thus is 
provided. 

Various exemplary hetero-and chimenc immunoadheson antibodies produced m accordance with this 
invention are schematically diagrammed below "A" means at least a portion of the extracellular domain of 
an adheson containing its.Ugand binding site: V L . W C t and Cm represent lignt or neavy chain variable or 
constant domains of an immunoglobulin: n«s an integer: and v designates a covaient cross-linking moiety 
(a> AC,.. 
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♦ C> AC^-{AC. AQ-AC- AC,-V^Cm. V L Ct-AC-. Or V t CfV«C M |. 
•o> ACfAC-'AC AC V -AC«. AC^V^Cm. V.„C t -AC-. Of V t C t -V»C-j. 
«6» ACt-V^C-fAC. ACi-AC. AC V -V^C^. V,Cc-AC-. Or V t C.-V«C-|. 
t il> V L C -AC..(AC. AC,-AC-. ACfV-C. V,C t -AC«. Or V t C v -V-C-j. 

ig> (a.y)^[v,c,-v^C-I 

The structures srown in this table show only key features, e g. they do not show joining ui or ether 

'j oomams of the immunoglobulins, nor are disulfide oonds shown These are omitted m the interests of 
brevity However *nere such domains are reouired for otnomg activity they shall oe construed as being 
Dresent in the orcmary locations which they occuoy m the adheson. immunoacheson or immunoglobulin 
molecules as me case may oe These examples are representative of divalent antibodies, more complex 
structures would result by emoioving immunoglobulin heavy chain secuences trim ctrer classes e g igM 

*s The tmrnunogioounn V\V\. antibocy combining sue also designated as me companion immunoglobulin 
preferably «s capable cf i>ncing to a predetermined antigen. 

Suitable companion immunoglobulin combining sites and fusion partners are co tamed frcm lgG-1 -2. 
-3. or 4- subtypes igA. igE. igO or IgM but preferably lgG-1 

A preferred embodiment is a fusion of an N -terminal portion of CD4 wmcn contains tne onctng site tor 

*o tne gpt20 enveiooe protein of HIV. to the C-terminal F e portion of an ar&bocy. containing the effector 
♦unctions of immunogioOuiin G There are two preferred embodiments of mis sort. :n one the entire heavy 
chain constant region is fused to a portion of CD4: in another a secuence beginning .n me nmge reckon ;us; 
upstream of me papain cieavage site wn*ch defines igG F c cnemicaity ires*cue 21 6. taking me first residue 
of heavy chain constant region to be 1 14 (Kobat et a/. 'Secuences of Proteins of immunological Interest* 
4m Ed . 1987]. or analogous sites of other immunoglobulins) >s fused to a poroon of CO* These 
embodiments are described m me examples 

More particularly those variants m «n»cn one or more immunogioOuiin-«ike domains of an adheson are 
substituted for me variable region of an immunoglobulin chain are bekeved to exmcit improved »n vivo 
plasma naif life These chimeras are constructed m a fashion similar to chimeric antibodies m *w7ncn a 

x vanaoie comam from a antibody of one species »s substituted for the variable oomam of another soeoes 
See. for example. EP 0 125 023. Monro. Nature 312 : 1 13 December I9d4>: Neuoerger et a* . Nature 312: «i3 
December 1984); Sharon et ai . Nature 309: (24 May 1984): Morn son et a*., Proc. Nad Acad So USA 
8^6851-6855 (1984). Mom son et * Soence 229:1202-1207 (1985): and Bou*anne et aJ . Nature 312:643- 
646 (13 December i984i The DNA encoding a CD4 v-»i*e region is cleaved by a restnction enzyme at or 

n proximal to a DNA encoding a boundary domain and at a point at or near the DNA encoding N-termmai 5 
end of me mature antigen <«mere use of a non-CD4 lead is contemplated) or at or proximal to me 5 ena cf 
me N-termmai coong region for me antigen (where a native CD4 signal is employed). This DNA fragment 
men is readily inserted mto DNA encoding an immunoglobulin ught or heavy chain constant region anc. if 
necessary, tailored by deienonai mutagenesis. Preferably, this is a human immunoglobulin wnen me variant 

-sc ts intended for m vtvo therapy for humans. DNA encoding immunoglobulin light or heavy chain constant 
regions is known or readily available from cDNA libraries or is synthesized See for example. Adams et at.. 
Biochemistry 19:271 1-2719 (19801: Gough et a}.. Biochemistry 19:2702-2710 (19801: Dolby et ai . P N.A.S. 
USA. 77 6027-6031 (19801. Rice et ai.. PN A S. USA 79 7862-7865 H982): Falkner et al . Nature 298:286- 
288 (1982): ano Mom son et af.. Ann Rev Immunol. 2:239-256 (1984). 

•*5 DNA encoding the rmmunogioouxn or immunoaoheson chimeric cnamts) is transfected mto a host ceil 
for expression. If me host ce" is producing a heavy chain immunoglobulin prior to transfectich men one 
need only transfect with the adheson fused ught chain to produce a neteroantibody. Similarly, if me host ceil 
■s expressing a lignt chain men DNA encoding a heavy chain adheson fusion is transfected to produce a 
neteroantibody The aforementioned immunoglobulins having one or more arms bearing me adheson 

so domain and one or more arms bearing companion vanaoie regions result m dual specificity 'or ache son 
iigand and for an antigen These are produced by the above-described recombinant methods or oy m vitro 
procedures, in me latter case for example. F<ab >: fragments of the adheson fusion and an immunoglobulin 
are prepared, the Fiab >2 fragments convened to Fab fragments by reduction under mild reducing 
conditions and then reoxidized in each other's presence under acidic conditions m accord with methods 

55 known per se See aiso U S patent 4.444 878 

in an alternative method lor producing a heterofunctional antibody, host ceils producing an aonescn- 
immunoglobulin fusion, eg. transfected myetomas. also are fused *ith 8 ceils or nyonoomas *nicn secrete 
annoody navmg the cesirec companion specificity for an antigen Heterobifunctionai antibody is recovered 
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'torn the culture meoium of such hypndomas. and thus may be produced somewhat more conveniently 
than by conventional in vitro resorting methods <EP 68.763). 

Another group of fusions are those »n which an adheson is conjugated with a toxic substance, eg. a 
ooiypepnde such as ncm (including degiycosyiated ncm A chain), dipthena to«m A. or a non-peptidyi 
5 cytotOHin Where the toxin is a polypeptide it is convenient to cross-link the polypeptide tc the adheson or 
us transmemorane-oeieted variant Oy conventional in vitro protein cross-finking agents |for suitable methods 
for iirmng ncm A chain cr degiycosyiated A chain to C04 see. for example. Duncan et al.. "Anaiy 
B*ocnem • 1 32 68-73 (1983): Thorpe et al . "Cancer Res * 47 5924 J1987J; and Ghotie et al.. Xancer Res ~ 
48 2610 (19881) or by recombinant synthesis as a fusion (see for example. U S~~ Patent 4 765.382) 
•o Alternatively, where companion antibodies are anti-nctn antibody immunoglobulin variable domains, such 
immunoglobulin heteroantibodies are employed to deliver ncm to HIV infected ceils following the general 
procedure of Raso et al.. Cancer Research. 41 2073 (1981 ) 

Another class of adheson van ants are deietionaJ variants. Deletions are charactered by the removal of 
one or more ammo acid residues from a adheson sequence. Typically, the transmembrane and cytooiasrmc 
•s domains of adhesons are deleted in the case of CD4. at least residues 368 to 395 (the transmembrane 
region), and ordinanly 396-433 as welt line cytoplasmic domain •. will be deleted to "btam secreted forms of 
this adheson. Parenthetically the ammo aod residues follow the numoers given for mature C04 as noted, 
for example, m figures la - ic. 

Substitutional van ants are those m wh*cn at least one residue m the adheson sequence has been 
20 removed and a different residue inserted m its place. The native N-termmal residue for mature C04 is now 
known to be lysine. Thus the sequence shown m Fig 1 with an N-termmai asoaragme *s an ammo aoo 
sequence variant of native mature CD4 Table 2 below describes substitutions wmcn m general w.ii result m 
fine modulation of the cha/actensocs of me CD antigen 

» TABLE 2 





Ongmaf 


Exemplary 




Residue 


Substitutions 


30 


Ala 


ser 




Arg 


•ys 




Asn 


gin: rus 




ASP 


giu 




Cys 


ser: aia 


JS 


Gm 


asn 




Gki 


as© 




Giy 


pro 




His 


asn: gin 




ne 


leu. vai 


JO 


Leu 


ile: vai 




Lys 
Met 
Phe 


arg: gm: gtu 
leu: ile 
met: (eu: tyr 




Ser 


thr 




The 


ser 




Trp 


tyr 




Tyr 


trp. phe 




Vai 


ile: ieu 



Substantial changes in function or immunological identity are made by selecting substitutions mat are 
less conservative than those in Table 2. i.e.. selecting residues that differ more significantly m their effect on 
maintaining <a> the structure of the polypeptide backbone in the area of the substitution, for example as a 
sheet or helical conformation. <b> the charge or hydropnobicity of the molecule at the target site or <ci the 
bulk of the side chain. The substitutions which m general are expected to produce the greatest changes m 
adheson properties will be those in which (a> a nydropniiic residue, e g. seryi or threonyi. is substituted lor 
<or by) a hydrophobic residue, e.g. leucyi. isoieucyi. pnenyiatany!. vaiyi or aianyi: <t» a cystemyt or prolyl is 
substituted for lor by) any other residue: ici a residue having an electropositive side chain, e.g.. lysyi. 
argmyi. or histidyi. is substituted for lor by) an electronegative residue, e.g . glutamyl or aspanyt: or id) a 
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:es»cue navmi- a ou<ky $»ae cram e g . pnenyiaianyi. is substituted lor tor by) one not having a side chain. 

<? «5 ■5»vcy | 

A ore'enec class of substitutional or aeietiorial variants are those involving the transmembrane region of 
tne aohescn The transmembrane region ot the aoheson is a higniy hydroonobic or lipophilic domain mat is 
* the proper size to scan tne lipid Oiiayer oi the cellular memorane it <s oeiieveo to an*-nor the adheson m 
the ceil memorane 

Deletion or substitution of the transmembrane domain will facilitate recovery and provide a soluble form 
of the acneson oy reducing ms ceiiuttir or membrane lipid affinity and improving its water solubility, if the 
transmembrane and cytoplasmic domains are deleted one avoids the introduction of potentially im- 

*r munogenic epitopes either by exposure of otherwise intracellular polypeptides that might be recognizee by 
the body as foreign or bv insertion of heterologous polypeptides mat are potentially immunogenic. A 
principal advantage of me transmembrane ceieted aoneson is tnat it is secreted into the culture medium of 
recombinant hosts This variant is water soluble and does not have an appreciable affinity for ceil 
membrane :ip«ds. thus considerably simplifying its recovery from recombinant ceil culture 
« it wiji oe amply apparent from tne foregoing discussion thai substitutions, deletions, insertions or any 
comomation thereof are •ntrocuceo to arrive at a final construct. As a general proposition, ail vanants will not 
nave a functional trans memorane aomam and preferably will not have a functional cytoplasmic sequence 
This is generally accomplished by deletion of the relevant domain, although adequate insertions! or 
substitutional mutagens also can be effective tor this purpose For example, the transmembrane domain ts 
substituted by any amino aod sequence e g a random or homopory nucleic sequence of about S to SO 
serine, threonine, lysine argimne. grutamme as panic acid and tike nyoropttibc residues, wracn altogether 
e«niOit a hydropniiic nycrooathy profile, so mat it <s secreted mto the culture medium of recombinant nosts 
This variant snoutd also oe considered to ce an acneson variant 

These variants ordinarily are oreoared by site specific mutagenesis of nucleotides m tne DMA encoding 

?5 me aoneson. thereby producing ONA encoding me variant, and thereafter expressing the ONA m recom- 
binant ceil culture However variant acnesens also are prepared by m vitro synthesis. Obviously variations 
made m the ONA encoding tne variant acre sons must not place the sequence out of reading frame ana 
preferably will not create comcieme-nary regions mat coukJ produce secondary mRNA structure deleterious 
to expression (EP 75 4-t-*A» Tre CD-* var.arts typtcaiiv exhibit tne same gpt20 ending activity as ooes tne 

jc naturally-occurring prototype, aitnougn variants aiso are selected m crder to mcofy the cnaractensacs of 
the CD4 aoheson as inocatec above 

While the site for introcucmg an ammo aoo sequence variation is predetermined, the mutat*on per se 
need not be predetermined For e«amp*e m order to optimise tne pert or mane e cf a mutation at a given s*te. 
random mutagenesis may oe conducted at me target codon or region and the e« pressed acneson vanann 

7* screened for the optimal comtxnation of 3es*red activities Techniques for making substitution mutations at 
predetermined sites m ONA having a known sequence are well known, for example Ml 3 primer 
mutagenesis. 

Ache son vanants that are not caoaoie of binding hiv gpt20 are useful nonetheless as immwnogens for 
raising antibodies to the acneson or as immunoassay kit components t labelled, as a competitive reagent *cr 
gpi20 assay or uniabeiieo as a standard tor an adheson assay) so K)ng as at 'east one acneson ectcce 
*emains active 

The ONA encoding adhesons »s ootamed by known procedures. See Rei hertz et al anc Maccon et a< 
op ot m general, -prokaryotes are usee tor coning of CD4 variant ONA sequences. For exampie. E_ ccn 
Kt2 strain 294 (ATCC No. 314461 is pamcuiany useful. Other microbial strains which may ce usee inctuce 

js E con B. UMlOl and E. con t**76 iATCC No 31537) These examples are illustrative ramer than limiting 

ONA encoding the" van ant acneson s are inserted for expression into vectors containing promoters anc 
control sequences which are derived from species compatible with the intended host ceil. The rector 
ordinarily, but need not. carry a replication sue as wen as one or more marker sequences which are capable 
of provicing pnenotypic selection «n transformed ceils For example. E. coli is typically transformed us«ng a 

so derivative cf pBR322 wmcn is a piasmic derived from an 6 coli species (Bolivar et al.. Gene 2 95 p977]> 
PBR322 contains genes for ampioikn ano tetracycline resistance and thus provides easy means for 
identifying transformed ceils. The cBR322 piasmid. or other microbial plasmid must also contain or be 
modified to contain promoters ano other control elements commonly used m recombinant DNA construc- 
tions 

55 Promoters suitable for use with prokaryotic hosts illustratively include the J-tactamase and lactose 
promoter systems (Chang et al . Nature 275 6t5 (1978J. ano Goeddei et al Nature 281 544 (1979]) 
aikaime phosphatase, the tryptophan itrpi promoter system (Goeodei NucTeic" Acids Res. 8 4057 (1980J 
and EPO Appin Pubi No. 36.776) and hybrid promoters such as the tac promoter (H de Beer et al . Proc 
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Natl Acad So. USA 80 21-25 (19831) However, other functional bacterial promoters are suitable. Their 
nucleotide sequences are generally known, thereoy enabling a stilted worker operabiy to iigate them to 
DNA encoding the adheson variant using (inkers or adaotors to suooiy any required restriction sites 
iSiebenhst et ai Cell 20 269 (i960!) Promoters «cr use >n bacterial systems also will contain a Shme- 
s Daigarno (S O > sequence operably linked to the ONA encoding the antigen. 

in addition to prokaryotes eukaryonc microoes such as yeast cultures aiso are useful as cloning or 
expression hosts Saccha/omyces cerevisiae or common baker's yeast is the most commonly used 
eukaryonc microorganism although a numoer of othwr strains are commonly available. For expression m 
Saccharomyces. the piasmid YRp7 tor example. fStmchcomb. et al.. Nature 282: 39 {19791; Kmgsman et ai. 
• c Gene 7 t4i (1979]. Tschempei e t ai . Gene 10: 157 (19801) »s commonly used. This piasmid already 
contains the trpt gene wmch provides a selection marker for a mutant strain of yeast lacking me ability to 
grow m tryptophan, lor example ATCC no -"076 or PEP4-1 (Jones. Genetics 85: 12 (1977]) The presence 
of the trpi lesion as a characteristic of the yeast host cen genome then provTces an effective means of 
selection by growth in the absence of tryptophan 

•5 Suitable promoting sequences »cr use with yeast hosts include the promoters for 3-onospnogiy cerate 

kinase iHitreman et ai.. J B*cn Chem 255 2073 (19801) or other glycolytic erxr/mes <Mess et ai.. J. Aov 
Enzyme Reg 7 149 J 1968]. and Moiiana. Biochemistry V7 4900 (19781). such as enchase. gtyceraJOehyde- 
3-pnosphate dehydrogenase, nexokmase pyruvate decarboxylase, pnospnofnjctokmase. gfucose-S-ohos- 
pnate isomer ase. 3*phospnogiycerate mutase. pyruvate kinase, tnosephosphate isomer ase. pnospnogiucose 

x isomerase. and giucoktnase 

Other yeast promoters, wmcn are inoucib*e promoters having the additional advantage of transcnouon 
controlled oy growth conditions are me promoter regions 'or alconoi dehydrogenase 2 •socytocnrome C. 
aod phosphatase, oegradative enzymes associated witn nitrogen metaoodsm metaitothaonem. 
gfyceraldehyde-3rOhosphate oenydrogenase. and enzymes responsible for maltose and galactose utifaza- 

« toon Suitable vectors and promoters ?or use m yeast expression are further described m R. hhtzeman et ai . 
European Patent Publication No 73 657A Yeast enhancers also are achrantageousty usee with yeast 
promoters 

Promoters are controlling transenptoon from vector; m mammalian host cetis may be ootamed from 
various sources, 'or example the genomes d viruses such as. potyoma. Smian Vims 40 <SV40). 

x adenovirus retroviruses. neoantis-B virus ano most prefer aoty cytomegalovirus, cr *rom Heterologous 
mammalian promoters e g the beta ac:m promoter The early and late promoters of the SV4Q. virus are 
conveniently obtained as an SV40 'esmcnon fragment wmcn also contains the SVJO vtral ongm of 
repkeaoon F»ers et a|. Nature 273 H3 fi978i The .mmeoate early promoter of the human 
cytomegalovirus »s conveniently ootamec as a Minolll E restriction fragment. Greenaway P J. et al.. Gene 

J5 i& 355-360 f 1982) Of course promcters from me nost ceil or related species also are useful nereirT 

ONA transection m higner eukar <otes *s increased by •nserting an enhancer sequence »ntc the vector 
Enhancers are os-acting elements of Ona usually from about 10 to 300toc. mat act to increase the 
transoption initiation caoar>kty of a promoter Enhancers are relatively orientation and position independent 
having been found 5 ilaim.ns L et ai Proc Natl. Acad So 78 993 (1981 J) and 3 (Lusky ML. et al Moi. 

jc Cell Bo. 3 1 108 [1983]) to me transduction unit, within an mucn (Banerji. J L. et al.. Ce« 33 729 P983]) as 
well as within the coding secuence itser? lOsoorne. T F . et al.. Moi. Ceil *BiO~* 4 1293 [1984]). Many 
enhancer sequences are now known from mammalian genes tgtobtn. elastase. albumin a-'etcprotem and 
insulin). Typtcaify. however, one will use an ennancer from a eukaryotic ceil virus. Examples include the 
SV40 ennancer on me ?ate sice of the replication ongm mc 1 0O-270). the cytomegalovirus earty promoter 
enhancer, the polyoma ennancer on me late side ol the replication ongm. ano adenovirus ennancer s. 

Expression vectors used m eukaryotic host ceils i yeast, fungi, insect, plant, animal, human cr nucleated 
cells) may also contain sequences necessary for the termination of transcription which may affect mRNA 
expression _These regions are transcribed as poiyacenyiated segments m the untranslated portion of the 
mRNA encoding the adheson 

so Expression vector systems generally will contain a se«ection gene, also termed a selectable marker 

Examples of suitable seiectaoie markers for mammalian cells are dihydrofoiate reductase tDHFR). 
thymidine kinase or neomycin When such se»ectaote markers are successfully transferred mto a mamma- 
lian host cell, the transformed mammalian nost ceil can survive if placed under selective pressure There 
are two wioeiy used distinct categories zi selective 'egimes. The first category is cased on a cell's 

55 metabolism ano the use ol a mutant cen »me wmcn lacks the aciiity to grow moeoenoent cf a suopiementeo 
medium T*o examples are. CwO Dmfr- reus ano mouse lTk~ cens These ceils lack the ability to grow 
without the addition of sucn nutrients as thymidine or nyconantmne. Because these ceils »ack certain genes 
necessary for a complete nucleotide synthesis satnway mey cannot survive uniess the missm^ nucleotides 
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are oroviceo »n a supplemented medium An alternative to supplementing the medium »s to introduce an 
ntact OHFR or TK gene mto ceils lacking the respective genes, thus altering their growth recuirements 
individual ceils *hicn were not transformed with the OHFR or Tk gene w«n not be capable of survival m ncn 
sucoiemented media 

c The second category is dominant selection which refers lo a selection scheme used tn any cell type 

and does not require the use of a mutant ceil ime These schemes typically use a drug to arrest growth of a 
host ceil Those ceils wh:cn nave a novel gene would express a protein conveying drug resistance and 
would survive the selection Examples of such dominant selection use the drugs neomycin. Southern P and 
Berg. P . J Moiec Appi Genet i 327 11932). mycopnenohc acic. Mulligan. R C and Berg. P Science 209 

•s 1422 (i960) or nygromycm Sugden B et ai Mot Ceil Biol S 41 (Ml 3 (1985) The three examples given 
above employ bacterial genes under eukaryotic control to convey resistance to the appropriate drug G418 
Or neomycin i genetic m>. «gp| tmycoohenohc acid) or hygromyem. respectively 

"Amplification - refers to the increase or replication of an isolated region within a cell's chromosomal 
ON A Amplification <s achieved using a selection agent eg. methotrexate <MTX) wmch inactivates OHFR 

•s Amplification or the making of successive copies of the OHFR gene results *n greater amounts of OHFR 
oe»ng produced m the face of greater amounts of MTX. Amplification presur* is aor-ned notwithstanding the 
oresence of endogenous OHFR. by adding ever greater amounts of MTX to the media. Amplification of a 
desired gene can oe achieved by cotranstecting a mammalian host ceu with a piasmio having a ONA 
encoding a desired protein and the OHFR or amplification gene permitting comtegranon. One ensures mat 

zr: the ceil requires more OHFR, wmch requirement is met by replication of me selection gene, by setec&ng 
only tor ceils that can grow m the presence of ever-greater MTX concentration So kvig as the gene 
encoding a desired heterologous protein has comtegrated with me selection gene reo*caoon of mis gene 
gives nse to replication of me gene encoding the deseed protein The result is mat increased copies of me 
jene i.e an amplified gene encoding me desired heterologous protem express more of me desired 

n heterologous protein 

Preferred host ceils tor expressing me CD antigen variants of trus invention are mammalian cell imes. 
examples including monkey kidney CV1 line transformed by SV40 iCOS-7. ATCC CRL 1651). human 
emoryomc kidney ime i293. Granam. F L. et aJ J. Gen Viroi 36 59 [1977] and 293s certs [293 subclones 
selected tor better suspension growth J), baoy hamster kidney ceils iBHK. ATCC CCL tOi. Chinese hamster 

iz ovary-ceirs-OHFR (ChO. Uriauo and Chasm. Proc. Natl. Acad Sci tUSAi 77 42 16. {19801): mouse seao* ceils 
iTM4. Mather. J P Bk>i Reprod 23 243-251 (1980]): monkey kicney ceils iCVi ATCC CCL 70>. amcan 
green monkey kidney cells iVERO-76. ATCC CRL-1587>: human cervicaJ carcmoma ceils iMELA. ATCC 
CCL 2>: canine kidney cells (MOCK. ATCC CCL 34): buffalo rat »rver ceils iBRL 3A ATCC CRL 14421; 
noman lung ceils iW138. ATCC CCL 75). human liver ceils (Hep 02. HB 8065): mouse mammary tumor 

n iMMT 060562. ATCC CCL51 ce«si and TRI ceils (Mather J P et ai . Annals N Y Acad Sci 383 : 44-68 
[1982]) ~ 

/Transformation" means introducing ONA into an organism so mat me ONA »s rep»cab*e. either as an 
ertrachromosomai element or by chromosomal integration. One suitable for transformation of me nost cei;s 
ts me memod of Granam. F. ana van der Eb. A.. Virology 52: 456-157 M973). However, other memcds for 

ao introducing ONA mto cells such as by nuclear injection or by protoplast fusion may also be used If 
orokaryotic ceils or ceils which contam substantial ce*i walls are used as hosts, me preferred method of 
transfecuon is calcium treatment using calcium chloride as described by Conen. FN. et at.. Proc Natl 
Acad. So tUSAp. 69 2110 (19721 

Construction of suitable vectors containing me desired coding and control sequences employ standard 

**s and ma/kouiative ligation techniques, isolated piasmids or ONA fragments are cleaved, tailored, and 
rekgated *n me form oesired to form the piasmids recused. Suitable procedures are wen known tor me 
construction described herein. See tor example. (Mamatis T et al. Molecular Cloning . 133-134 Cold 
Spnng Harbor [1982]. "Current Protocols «n Molecular Bioiogy" edited by Ausubel et at. (1987]. pub. by 
Greene** Publishing Associates & Wiley-inter science). 

so Correct piasmio sequences are confirmed by transforming £ con Ki2 strain 294 <ATCC 314461 with 

igation mi mures, successful transtcrmants selected by ampioiim or tetracycline resistance wnere appro- 
priate piasmios from the transformants prepared, and then analysed by restriction enzyme cigestion ano or 
seouences by the method of Messing et ai.. Nucleic Acids Res 9 309 «i98u or by the method of Maxam 
et ai . Memoes m £n*ymoiogy 65 499 <1980> 

is Host ceils are transformed "with the e*oression vectors of tnis invention Thereafter they are cultured m 

appropriate culture media, e g containing substances 'or mcucmg promoters, selecting transformants or 
amoiifytng genes. The culture cencmons. such as temperature ch arc me like, are those oreviousty used 
Arith me host ceu selected for expression, ano will be aoparent sc tne srcmaniy skilled an*5an 
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The secretea adheson variants are recovered and purified from the culture suoernatants oi recombinant 
hosts Typically the suoernatants are concentrated by ultrafiltration, contacted with a »igand affinity or 
.mmunoaffmity matrix so as to adsorb the adheson variant, and eiuted from the matrix Ootionaiiy the 
aoneson *s puntied by ion exchange chromatography 

5 Supnsmgiy purification of soluble CD4 adheson from culture medium was unexpectedly difficult. 

Notwithstanding that the hydrophobic transmembrane region of the antigen had been deleted, the antigen 
exhibited a strong tendency to form aggregates that could be readily removed from suspension by 
centnfugation at 1000 « g and which avidly coat surfaces such as ultrafiltration membranes This appears to 
result from the reduction in concentration of albumin or other serum protein tordmaniy present m the crude 

*o preparation) to a particular level. bek>w which the truncated antigen no longer remains soluble This 
phenomenon appears to be aggravated by exposure of the C04 adheson to >o« pH « aoout pH 4i As a 
result, separation procedures < particularly those that employ acid elution. such as immunoaftimty) should be 
modified sc that the eluate is maintained at. or • immediately returned to. about neutrality. Further, a 
surfactant eg a detergent such as Tween 60. should be included with (he antigen during me separation 

'5 procedure The fmai purified product will be stabilized with a predetermined protein such as aibumm and or 
a detergent 

The purified adheson is formulated into conventional pharmacologic aJiy acceptable e»at>ents. 

it s administered to patients having Hrv infection at a dosage capable of maintaining a concentration of 
greater than aoout 100 ng of soluble CO* aoneson ml plasma. For CD4 adheson variants having different 
*c mciecuiar weights aoout 2 ocomoies of sotuote receptor per mi of piasma wK be initially evaluated 
c'micaiiy «n order to establish a stoichiometric equivalence with native imemcrane ocunot and soluble 
receptor Tne ordinary cosage of soluble CO* is 100 ug kg of patient weight day 

The therapeutic CO* variants are employed with other therapies and agents tor tne treatment of AJOS 
tnciucmg AZT neutralizing antibodies and immunocytotoxins. gpi20 fragments and vac ones 
« m oroer to facilitate understanding of the following examples certain frecuentty occurnng methods 

and or terms will be descnbed. 

~p«asmids~ are designated by a vjw e r case p preceded and or followed Oy capital letters and or 
numbers The starting plasm ids herein are either commercially available, pubtcty available on an unrestric- 
ted basis. o» can be constructed from available olasmids m accord w*m pub* shed procedures m addition. 
20 equivalent ciasmids to those descnbed are known m the an and wtii oe apoarent to tne ordmanty siuiied 
artisan 

~Ogestion~ of DMA refers to catarytxc cleavage of me DMA with a restriction enzyme mat acts only at 
certain sequences in the DMA The various restriction enzymes used herein are commercially available and 
me*r reaction conditions, cof actors and other requirements were used as would be known to me ordmanty 

» skilled artisan For analytical purposes typically t ug of piasmtd or ON a fragment is used with about 2 
units of enzyme in about 20 ui of buffer solution For tne purpose of isolating DMA fragments for piasmiq 
construction typically 5 to 50 ug of DMA are digested with 20 to 250 units of enzyme m a larger volume 
ADpropnate buffers ano substrate amounts for particular restriction enzymes are specified by the manufac- 
turer incubation times of about t hour at 37 * C are cromanly used, but may vary m accordance with the 
suoofcer's instructions After digestion the reaction <s electrophoreses directly on a pofyacryiamide gel to 
isolate me desired fragment. 

•Recovery* or "isolation* of a grven fragment of ONA frcm a restriction digest means separation of me 
digest on pofyacryiamide or agarose ge« by electrophoresis, identification cf the fragment cf interest by 
comparison of its mobility versus mat of marker ONA fragments of known molecular weight, removal cf me 

n gel section containing me desired fragment, and separation of me gel from ON A This procedure is known 
generally (Lawn. R. el aJ.. Nucte< Aocs Res 9 6103-61 14 [1981]. and Goeddei. 0. et ai.. Nucieic Acids 
Res 8 4057(19800. 

*0epfx>spnoryiation* refers to the removal of the terminal 5 phosphates by treatment with bacterial 
alkaline phosphatase <8AP> This procedure prevents :he two restriction cleaved ends of a ONA fragment 

so from "circularizing* or forming a c rosed oop that *ouid impede insertion of another ONA fragment at me 
restriction site Procedures and reagents for aeoncspnoryiation and other recombinant manipulations are 
conventional Reactions using BAP are earned out in 50 mM Tns at 68 " C to suooress the activity of any 
enonuc teases wmcn may be present in the enzyme preparations Reactions were run for i hour Following 
me reaction the DNA fragment is gel purified. 

55 "Ligation* refers to the process of forming pnospnodiester bonos oetween two aoubie stranded nucleic 

acid fragments fManiatis. T et ai id. at t-*6> Unless otherwise provided, ligation may be accomplished 
using known buffers and conditions with 10 units of T4 ONA dgase <"tigase") per 0 5 ug of approximately 
eouimoiar amounts of the ONA fragments to be iigated 
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"Filling" or "blunting" refers to the procedures by which me single stranced eno m the cohesive 
terminus of a restriction enzyme-cleaved nucleic acid is convened to a double strand This eliminates the 
coneswe terminus and forms a blunt end. Thts process ■$ a versatile tool for converting a restriction cut end 
that may be cohesive with the ends created by only one or a few other restnction enzymes into a terminus 

5 compatible with any oiunt-cutting restriction endonuc tease or other filled cohesiv* terminus. Typically, 
blunting ■$ accomplished by incubating 2-1 Sag of the target DNA in lOmM MgCl;. imM atthiothrettoi. 
50mM NaCI. lOmM Tns ipH 7 5) buffer at about 37' C m the presence of 8 units of the Klenow fragment of 
DNA polymerase I and 250 uM of each of the four deoxy nucleoside triphosphates The incubation generally 
is terminated after 30 mtn phenol and chloroform extraction and ethanof precipitation 

-o The following examples merely illustrate the best mode now contemplated for practicing the invention, 
but should not be construed to limit the invention. All literature citations herein are expressly incorporated 
by reference: 

•s Example 1 



Construction of Vectors for the . Expression of Native CD4 and Secreted Derivatives 



Section i 

rs The ptasmid used for recombinant synthesis of human CD4 was pSVeC040HFR. The plasmid was 
constructed as follows. 

xCD4Pi containing most of me coding sequence of human C04 (obtained from a numan placental 
cDNA library using c^genuoeoooe prooes based on the puofasheo sequence (Maodon et ai. t98S]i was 
digested with EcoRi to produce me cDNA insert. This fragment was recovered by pciyacryiamide get 
» electrophoresis (fragment 1 ) 

PUC18 was digested with Eco Wl and the single fragment recovered by pory aery tarn ice ge* e*ec- 
trophoresis (fragment 2). Fragment t was ugated to fragment 2 and the WgaDon mixture transformed mto E 
co* strain 294. The transformed culture was plated on ampKulbn media plates and resistant colonies 
selected. Ptasmid DNA was prepared from transformants and checked by restriction analysis for me 
n presence of the correct DNA fra gm e n ts. This plasmid is referred to as PUCCD4 

pSVeE DHFR iMuesmg et at.. Ce* 48*691-701 (1987]) was digested with Kpn l anc Bam Hi and blunted 
with. E. coii DNA polymerase I iKlenow fragment) and the four dNTPs. Fragment 3 containing the pML-Amp* 
region. SV40 early promoter, the HIV LTR. and the mouse DHFR gene was recovered by gel elec- 
trophoresis, bgated and the kganon mixture transformed into E. coii strain 294. The transformed culture was 
jo plated on amptoHm media plates and resistant colonies selected. Ptasmid ONA *as prepared from 
transformants and checked by restriction analysts for the presence of the Sam HI restriction s>te and the 
aosence of the Kpn l restriction site This plasmid is referred to as pSVeABKDHFR and allows EcoRl-BamHi 
fragments to be inserted after the SV40 early promoter and transenbed under its control, following 
transforation mto an appropriate celt ime. 
-s Synthetic obgonucieotKJes (adaptors 1-6. below) were made to extend from 76 bo 5 of the initiation 
cooon of C04 translation to the RsaJ restnction site at 1 21 bp 3 of the initiator, with the secuence AATT at 
the 5 end of the sense strand to generate an end which could ugate to an EcoRI restriction fragment 
These oligonucleotides were bgated and the 204 bp fragment containing the entire secuence recovered by 
gel electrophoresis (fragment 4) 
so CD4 adaptor 1: AATTCAAGCCCAGAGCCCTGCCATTTCTGTGGGCTCAGGTCCCT 

CD4 adaptor 2: oACTGCTCAGCCCCTTCCTCCCTCGGCAAGGCCACAATGAACCGGGGAGTC 
CD4 adaptor 3: pCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGC 
CD4 adaptor 4 

pAGCCACTCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGT 
55 CD4 adaptor 5: pACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCC 

CD4 adaptor 6: pCTGAGTGGCTGCTGGGAGGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
CD4 adaptor 7 pGCCTAAAAGGGACTCCCCGGTTCATTGTGGCCTTGCCGAGGGAGGAAGGG 
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C04 adaoior 8 GCTGAGCagtaGGGACCTGAGCCCACAGAAATGGCAGGGCTCTGGGCTTG 

0UCC04 was digested w»tn flsai and Sstl and the 40 1 bo fragment containing part of the CD4 coding 
seouence recovered by get electrophoresis (fragment 5) pUCiS was digested with EcoRI and Sst! and me 
5 fragment comprising me Culk of the piasmid recovered by gel electroohoresis (fragmer * 6). Fragments 4 
and 5 were hgated to fragment 6 and the ligation mixture transformed into E cofi strain 294. The 
transformed culture was plated on ampioiiin media plates and resistant colonies "selected. Piasmid ON A 
was prepared from transformants and cnecked by restriction analysis for the presence of the correct 
fragment The seouence oi the inserted synthetic DNA was checked by excising the 605 Op EcoRi-Sstl 
•o fragments from several transformants and iigating them to Mt3mpi9 which had been digested w.th the 
same enzymes. After transformation into E. coli strain JMiOl single- stranded DMA was prepared and 
sequenced One piasmid wh«h contained the correct seouence was selected, and is referred to as pCD4*nt. 

pC04int was digested with Eco RI and Sstl and fragment 7 containing the 5 end of the C04 coding 
region was recovered Dy ge» e*ectroorxxesis~~pUCCD4 was digested with Sstl and Bam HI and the 1 139 bp 
•5 fragment containing me rematnoe* of me CD4 coding region (fragment 6) recovered by gel electrophoresis 
oSVeABKDHFR was digested with Eco RI and Bam HI and fragment 9 comprising the bulk of the 
piasmid was isolated Fragments 7 8 and 9 were i»gatec and the ligation mixture transformed into E con 
strain 294 The transformed culture was plated on amoKilltn media piates and the resistant colonies 
selected Piasmid DNA was prepared from transformants and checked by restriction analysis for the 
20 presence of the correct fragment Th.s piasmid is referred to as pSVeCD40HFR. and was used to direct 
synthesis of recomomant intact CD4 



Section 2 

A otasmid was constructed to direct the synthesis of a CQ4 derivative lacking me putative transmem- 
brane domain and most of the putative cytoplasmic domain (Madoon et al.i This was done with the 
intention of creating a secreted form of CD4 based on the assumption mat these domains anchor me CD4 
glycoprotein to the ceo membrane, and mat their deletion would result m me secretion of the product. This 

» piasm«d is referred to as oSVeCD4ANiaDHFR ano was constructed as follows: 

PUCC04 was digested with Sst l and Tapl and the S3i bp fragment (fragment t0> recovered pUCCD4 
-as digested with Niaili and Taq i and me 1 12 bp fragment (fragment 1 1 1 recovered. pUCC04 was digested 
with BamHl and Nta iH and the 301 bp fragment (fragment 12) recovered pCO**nt was digested w*m Sstl 
and BamH l and fragment i3 compns>ng me bulk of the piasmid recovered. Fragments 10.11. and 12 were 

y% ugaied together with fragment 13 and the ugation mixture transformed into E co* strain 294 The 
transformed culture was piated on ampoiwi media plates and resistant co«y*es~~5e:ected Piasmid DNA 
was prepared from transformants ano checked by restriction analysis for the presence of me correct 
fragment Piasmid DNA from several transformants was seouenced to ensure mat the '95 op Nlal S 
fragment had been deleted ana mat the proper reading frame was restored Tne resulting pta£m«c *s 

*o referred to as pCD4£Nia. 

pCD4ANla was digested with Eco RI and Bam Hl and the 1 54 1 bp fragment containing the. seouence cf 
a CD4 derivative lacking me transmemorane and cytoplasmic domains recovered (fragment 14> ano ugatec 
to fragment 9 and the ligation mixture transformed into E. co|i strain 294 The transformed culture was 
plated on amptcittin media plates and resistant colonies setecteo. Ptasmid DNA was prepared from 

-is transformants and checked by -estncnon analysis for the presence of the correct fragment. This piasmid is 
referred to as oSVeCD4 an i aDHFR 

Both pSVeCD40HFR and pSVeCCM^NiaOHFR were transfected mto CHO ceils by the same method 
used to establish ceil lines stably expressing HlV-l polypeptides iMuesmg. Smith ano Capon. Cell 
46.691 070 1 [1967]). These ceils were assayed for production oy radiotmmunoprecipitation as described 

so oeiow White no product <*as detected »n initial experiments, subsequent experiments showed mat the 
above described coding segment could moeeo direct the synthesis of a soluble CD4 adheson variant both 
•n CHO and 293 ceils 



55 Secticn 3 

A different expression system was •nitiafiy used for the synthesis ano expression of a CD4 variant 
lacking comotetety the cytoplasmic and transmembrane domains The system uses the cytomegalovirus 
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promoter ana can be useo m cultured ce»s of human ongm The first oiasmid constructed for use m this 
system contained the entire coding region tor CD4 and was intended to function as a control m the following 
studies it is referred lo as pRKCP*. and- was constructed as follows: 

cSVeCO^OHFR was digested with EcoRl and BamHl and fragment 1 S containing tne entire C04 coding 
5 region was isolated pRKS (European Application No. 88308386 7) was digested with E:oRI and Bam Hl and 
fragment 16 comprising the bulk of the plasmid recovered by gel electrophoresis, iigated to fragment IS. 
and the ligation mixture transformed into E colt strain 294. The transformed culture was plated on amp«cillin 
media plates and resistant colonies selected. Ptasmid ONA was prepared from trans f or man ts and checked 
by restriction analysis for the presence of the correct fragment. This ptasmid is referred to as pRKCD4 

•c 

Section 4 

The next piasmio constructed was designed to direct the expression of the above-mentioned < Section 3i 

•5 secreted derivative of CD* The coding region of CD4 was fused after ammo aod residue 368 of mature 
CD4 to a sequence from p6R322 which codes for 9 more residues before a translation termination codon 
This removes the putatrve CD4 transmembrane and cytoplasmic domains, whjch are oresumeo to anchor 
CD4 to the ceil surface The piasmtd is referred to as pRKC04T. and was constructed as toitows 

pSVeCD4DHFR was digested with Hpa ll. blunted with KJenow fragment and the four cNTPs. and 

x digested with BstEJi The 382 bp fragment (fragment I7> containing pan of tne CD4 coding seouence was 
recovered by gel electrophoresis. pSVeC040HFR was digested with EcoRl and BstEH and the 874 op 
fragment (fragment 18) recovered. pBR322 was digested with Mmo tlt. blunted with KJenow fragment anc me 
four dNTPs and digested with EcoRl Fragment t9 comprising me bulk of the ptasmid was isolated and 
bgated to fragments 1 7 and 18 and the bganon mixture transformed into E. cob stram 294 The transformed 

n> cufture was dated on amv&iun media plates and resistant colonies selected. Piasmio ONA was preoared 
from transformants and cnecneo by restriction analysis for the presence of the correct fragment This 
oiasmid is referred to as pCD4rmt 

pRKS was digested with EcoRl and Smai and fragment 20 comprising the bulk of me piasmo isolated 
pCD4Tmt was digested with EcoR l and Eco RV and me 1410 bo fragment containing me CD4 coding 

x seouence to tne Mpa ll site at n 76 bp 3 of the initiating codon and me 1 54 bo Htnd lU- Eco RV fragment of 
PBR322 was recovered (fragment 2ii Fragments 20 and 21 were fcgated anc me ligation mixture 
transformed mto E. cc* strain 294 The transformed culture was plated on ampollin media plates and 
resistant colonies "selected Ptasmid ONA was prepared from transformants and checked by restriction 
analysis for the presence of the correct fragment. This plasm*) is referred to as pRKC04T 

75 

Section Sa 

m order to create a secreted form of CD4 which could be purified with an antibody directed to herpes 
jc virus type I glycoprotein O. a oiasmid was constructed to e* Dress a denvatrve of C04T m wrucn me region 
coding for me mature processed CD4T polypeptide was fused :o a seouence coding for me signal peptide 
and the first 27 residues of the mature type i Herpes Smpiex Virus gO glycoprotein This ptasmid »s 
referred to as pRKGDC04T and was constructed as follows: 

pgOTrunc.OHFR was digested wim Eco Rl and Pvu li and the fragment containing the coding region for 
the signal peptide and first 27 residues of me mature hSV l gO glycoprotein was isolated < fragment 22). 
pRKCD4T was digested wtm Eco Rl and BstEll and fragment 23 containing the 3 end of the C04 coding 
sequence and the pRKS region was isolated 

Synthetic oligonucleotides GO (adaptors 1-2. below \ containing the coding seouence of C04 from me 
codon for the amino terminal residue of mature C04 to the Rsa site at 121 bo 3 of translation initiation and 
so containing the seouence CTGCTCGAG at the 5 eno of the sense strand were prepared ifragment 24) 
pRKC04 was digested wim Rsai and BstEll ana the 665 bo fragment containing part of the coding region 
tor CD4 was recovered (fragment 25) and iigated to fragment 24 After digestion wim BstEll to ensure mat 
only monomenc fragment was present, the 724 bp fragment ccnta,mng both sequences was recovered by 
gei electrophoresis (fragment 26). 
55 Fragments 22. 23 and 26 were iigated and the ligation mmture transformed mto E. com strain 294 The 

transformed culture was piated on ampiciiim media dates anc resistant colonies selected Piasmtd ONA 
~as prepared from transformants and checked oy restriction analysis for me presence of the correct 
fragment The sequence of several transformants was checkec to ensure that the syntnetic insert was 
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correct ana that reaong frame was preserved This piasmid is referred to as pRKGDC04T 

The$e pRK5 derived piasmids preferably «ere transtected into 293S cells for stable expression 
according to Muesing. el ai Ceil 48 691 1 1987) with the exception that m addition to tno piasmid of interest 
a piasmid expressing the neomycin resistance gene pRSV neo (Gorman et ai. Science 221:553-555 (1985)) 

5 was cotransfected. 293 ceils also are used satisfactorily as host ceils. 2 days after transection, tne cells 
were passaged into standard medium ri 1 Ft2 0M6 supplemented with L-gtutamme. penicillin-streptomycin 
and 10% FBS> with 0.5 mg mi G418 (Gentian sulfate: Gibco) for selection of stable cell lines, rather than in 
media containing methotrexate as shown by Muesing et ai Cells were assayed tor production of CD4 or 
C04 analogs by radioimmunoprecipiiation Binding studies (section 5c ) used conditioned supematants from 

•3 these cells «n the i i Fi2 0ME medium Materials used in mfectivity assays (section 5b) were obtained as 
described m section 8 below 

gOC04 adaptor i: 

CTGCTCGAGCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGAC 

9DCD4 adaotor 2: 

;s OACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCCCTGCTCGA 



Section 5b 

so 

The following constitutes a study of the neutraJizauon of HiV-i mfectivity by soluble C04 analogs. A 
modification of tne neutralisation procedure of Roben-Guroff et ai . Nature 316 72 H98S) was followed 
Equal volumes of inhibitor supernatant ana virus (60 microliters) were tncuoaielfai 4 degrees C for I ixxjr. 
men me same volume of H9 (Gaiio et ai Science 224:500. 1984) at 5-10* ml was added and incubation 

» continued for t hour at 37 degrees C Following absorption. 2.5 «10* cells m ISO microliters were transferred 
to 2 mi of incubation media. After 4 days at 37 degrees C. the cultures were spfct 1:2 with tresn media and 
incubated lor an aooiftonaJ 3 days Cultures were harvested, reverse transcnptase activity was measured 
(Groopman et ai.. AIDS Research and Human Retroviruses 3:71. 1987). and immunofluorescence reactivity 
with miv-i positive serum was determined as described (Po«*z et ai.. Proc. Acad. Nat. So USA 77 7415. 

jo 1980). inhibitor supernatants were ootamed irom confluent plate cultures of 293s C0T4 293s gOCCffT celts 
or un transected 293s ceils by retHaong tne growth medium incubation media and harvesting the 
supernatants 24 hours later Inhibitor supernatant replaced part or all of tne incubation media during 7>e first 
three days of culture as indicated m tne second column of Table 3. Challenge dose of wus was 100 
TClOsc (Groopman et al.. supra) of HIV-i strain HTLV-lllB grown m M9 celts assayed <n the same system 

K Incubation media consisted of RPMI 1640 media containing 2m M L-gHjtamme. 100 umtsrm pemofen. 100 
micrograms mi streptomycin. 2 micrograms mi potybrene and 20% fetal calf serum <MA Byproducts) 

Table 3 



50 



inhibitor supernatant 


Dilution of 
Inhtbrto* 
supernatant 


indirect immunofluorescence 
(•• positive ceils) 


Reverse transcnptase 
(cpm ml x 10 s ) 


mocfc-tran sleeted 


undii.. i 4 


65 3 


65.5 


21 8 


23 9 


mocfc-transf acted 


unori.. i 4 


61 2 


61 1 


185 


28.1 


CD4T 


uncil 1 4 


0.4 


18.0 


Oil 


5.94 


C04T 


undil . 14 


08 


16.1 


0.15 


3 72 


gOCD4T 


undtl . 1 4 


04 


268 


0 14 


9 92 


gDCD4T 


undil.. 1 4 


1 4 


36 i 


0 23 


11.3 



Both forms of soluble C04 virtually abolished the growth of MIV-l. ~hen incubated with virus-infected 
cells without prior dilution (Table 2). At a dilution of i 4 the soluble C04 preparations were only partially 
effective m mnibtting virus growth, however the level of fluorescent-positive cells and reverse transcnptase 
was still significantly lower than cultures receiving mock-transfected cell supernatants (Table 2). Since there 
was no significant difference m virus growth between diluted and undiluted control supernatants. nor dio any 
of the supernatants affect :ne growtn of uninfected H9 ceils (data not shown), soluble C04 proteins present 
•n these supernatants were concluded to be responsible for the neutralization of HlV-i infection of H9 ceils 
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Section 5c 

To determine the affinity constant tor inter actions between gpt20 ano C04 or C04 variants, saturation 
omoing analysis was earned out with soluble CD4 < supra i and detergent soiubiiued intact CO* tLasky et ai. 

* Ceil 50 975 (1987]) err ploying radioiodmated gpi20 labeled with lactooerovjdase. Binding reactions con* 
sistecTof :? i-gpi20 <3 ng to 670 ng. 2.9 nCi ng) incubated for i hour at 0 degrees C with cell lysates 
containing mtact C04 <Laskey et at op at.) or cell supernatants containing unlabeled CD4T or gOC04T 
prepared as described »n section 5a Reactions <0.2m» had a final composition of 0 5X McOougal Lysis 
Buffer (McOLB) (1 x McOLB contamsO 5 Non.det NP-40. 0 2*. Ma oeoxychoiate. 0 12 M NaCL 0 02 M 
tns-HCl. pH 8.0) and were performed m duplicate, both m the presence or absence cf 50 micrograms of 
unlabeled purified gpt20 (74 fold or greater excess). Following incubation, bound gpi 20 was ouantitated by 
mnunoprecipitation and counted m a gamma counter. For innunopreopitation. binding reaction solutions 
were preabsorbed with 5 microliters of normal rabbit serum for one hour at 0"C. and cleared with 40 
microliters of Pansorbm n0 •• w v Calbiocnem> for 30 minutes at 0 degrees C. Samoies were ti.cn 

•5 mcubated overnight at 0 degrees C witn 2 microliters of normal serum or 5 microliters fO.25 microgram) of 
OKT4 monoclonal antioody <Omoi followed by collection of immune ccmoiexeo with to microliters of 
Pan sorbin Precipitates were *asned twice m IX McOLB and once m water, then efuteo by eiuting at 100 
degrees C fcr 2 minutes m sample buffer i0.l2 M Tns-HCl pH 6 8. 4*. SOS. 0.7 M mercaotoemanoi 20*. 
glycerol, and 0 bromopheno* blue) CD4 molecules were bound saturabry by gp»20. and yielded a 

~ simple mass action binding curve Supernatants from mock- transferee ceils gave a vevei of specific aily 
bound gpt20 :ess man \°. that found for supernatants containing so*ub*e CD-* Scatcnard analysis revealed 
a single class of binding sites on eacn moiecuie. with aoparent ossociaoon constants iKd) of i 3 « i0" ? M. 
0 83 « 10~ ? M and 0 72 * 10"* M tor mtact C04. CD4T and gOC04T. respectively The values obtained tor 
CO4-gpi20 omoing m solution are comparable to the affinity previously measured for gpi 20 binding to C04 

n on whole ceils <Kd = 4 0 x 10** M Lasky. Cell, supra) 



Section 6 

20 m order to produce secreted derivatives of C04 whtch are free cf extraneous ammo acid rescues, two 
piasmias were constructed for expression m 293 ceils. The piasmias contain C04 genes *n*cn nave been 
truncated without the addition of extra residues, and are referred to as pRKCD4*Nia and pRKCD4TP. and 
were constructed as follows: 

Fragment 14 containing me CD4 gene with the 195 bp Nia itl restriction fragment deleted was legated to 

» fragment 16. which is pRK5 ogesteo with EcoRf and BamMl The ligation mixture was transformed mto E. 
co* strain 294. the transformed culture plated on amp*ciilin meoa oiates ano resistant coorues selected 
Ptasmtd DNA was prepared from transform ants and checked by restriction analysis tor me presence cf me 
correct fragment The resulting piasmid is referred to as pRKC04^Nta. 

Synthetic DNA was maoe to attach to the Hpa H site at ii76bo ano wrnch when so attached would 

-tj terminate translation after ammo acid residue 370 of mature C04 'fragment 27). The omer end of this 
fragment was designed to hgaie to Bam hi restriction fragments pUCCD4 was digested with BstEH and 
HpaH and the 382op fragment containing part of the C04 gene was recovered (fragment 28) Fragments 27 
ano 28 were *gated and then digested with BstEH to reduce dimenzed fragments to monomers, and the 
resulting 401 bp fragment was recovered i fragment 29) 

J5 pRKC04 was digested with Bsttl and BamMl and the fragment comprising the bulk of the piasmid 
(fragment 30) was isolated and itgated to fragment 29. The ligation mixture was transformed mto E. coli 
strain 294. me transformed culture piateo on ampiciilm media plates and resistant colonies selected 
Ptasrtud DNA was prepared from transformants and checked by restriction analysis for me presence of the 
correct fragment The resulting piasmid is referred to as pRKC04TP Both piasmios are transfected mto 293 

so ceils to generate stable vanant CD4-expressmg ceil lines as described above 



Section 7 

55 Two piasmios were constructed to cirect the expression of secreted C04 lacking extraneous ammo acid 
residues m CHO cells. These are referred to as pSVeCD4^NlaSV0HFR ano pSVeC04TPSV0MFR. ana 
were constructed as follows: 

PE348HBV.E400022 was digested with Pvui and EcoRi ano tne fragment contam.ng the SV40 early 
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oromcier ana Dart of the ^-lactamase gene was recovered <lragment 3l> pE348HBV.E 400022 was digested 
with Pvui ano Bam hi and the large fragment containing the balance of the j-iactamase gene as well as the 
SV40 earty promoter and the OHFR gene was isolated fragment 32). 

Fragments 31 and 32 were ugated together with Iragment 14 and transformed tnto E. con strain 294 
The transformed culture was piated on ampioiim media plates ano resistant colonies Jeiected. Piasmid 
ONA was prepared from transformants and checked by restriction analysis for the presence of the correct 
fragment. The resulting piasmid is referred to as pSVEC04ANlaSVDHFR. This piasmid contains the same 
ONA fragment encoding the soluble C04 molecule found in me above-mentioned piasmid 
pSVeCO4^Nia0MFR (Section 2) 

PRKC04TP was digested with EcoRi and Bam HI and the fragment containing the truncated CD4 coding 
region was isolated and iigated to fragments 31 and 32. The ligation mixture was transformed mto E com 
strain 294. the transformed culture plated on amptoihn media plates and resistant colonies selected 
Plasma ONA was prepared from transformants and checked by restriction analysts fO' the presence of the 
correct fragment The resulting piasmid »s referred to as pSVeC04TPSVDHFR. Both of these piasmtds are 
transfected mto CHO ceils and amplified transfectants selected by methotrexate using conventional 
orocecures. 



Example 2 



Fusions of the V region of the CD4 gene wmcn is homologous to the vanaoie region of immorogtoCuun 
^enes "el Maddon et aJ 19SS). to the constant iC> region of human immunoglobulin . and >2 cnams are 
constructed as follows: 

Synmerjc DNa is made to code tor me C region of human • cham 1 residues i09-2i4i based on me 
seouence ouOfcsned by Monn et aJ . Proc. Natl Acad So 82 7025-7029. ith me addition at me 5 end of 
tne cocing strand of the seouence GGGG. wtucn allows mis fragment to be bgatec to me BsoMi site at me 
enc of me outatrve V-*ke region of CD4 At me 3 end of me coding region, a transiaoonaTstoo cocon .3 
aooed as we*i as a sequence wt*cn allows tms end tc be ugated to Bam hi restriction fragments. The 
synme^c ONA »s made m 8 fragments. 4 tor each strand. 70-90 bases ong These are men atiowec :o 
anneai ano ugated pnor to isolation on a potyacrytamide gei fragment 33 V 

oflKCCM is digested with EcoRl and BspMi and me 478bp fragment containing me region coding for 
the putative V-wke domain of C04 ts recovered i fragment 34). Fragments 33 and 34 are ugaied together 
wttn fragment 16 Ifrom the expression vecto* pRKSi The ligation mature is transformed mto E. cofc strain 
294. me Transformed culture Dialed on amp^iifcn media plates and resistant colonies selected PtasmSj ONA 
•s preoared from transformants and cnecfced by restriction analysis for me presence of the correct fragment. 
The resumng piasmid is referred to as pRKC04Ck 

A piasmid encoding a fusion of me C04 V-Jike domain to the human immunoglobulin C>2 region is 
constructed m a similar fashion, and is referred to as pRKCD4C>2. Bom of these piasrmds are uanstected 
•nto 293 ceos. myeloma ceils or other competent ceils «n order to obtain ceil lines expressing variant C04 
mo«ecuies as described above. 



Expression in CHO Cells 

Ptasmads were constructed to direct the expression of the •mmunoadhesons described above in CHO 
ce«3 These are referred to as pSVeC04 4> i SVDHFR pSVeCO^, SVOHFR. pSVeC04^ i SVOHFR. 
pS VeC04^ i SVOHFR. pSVeC04 4# SVOHFR and oS VeC 04, a SVOHFR. 

Fragment 31 was preoared as descnoed above Fragment 32a was prepared by digesting piasmid 
PE348HBV E400 022 with Bam HI. blunting wim Kienow fragment and the four oNTPs. men digesting witn 
Pvul Plasmas PRKC04 4>I . pRKCD4, >r pRKC04^i pRKCD4«^i pRKC04„ and pRKCO^. were 
separately digested wim Hindlll. Jiunted wim Kienow fragment and the four oNTPs. men digested with 
EcoRl The resulting ONA fragments were iigated together with fragments 31 and 32a ano transformed mto 
£. cofi strain 294 Colonies were selected and cnecked for me presence of the correct piasmid as aoove. 
then transfected into CHO ceils and amplified by methotrexate selection using conventional procedures 



Example 3 
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TH e gOC04T secreted bv the metnon of Example i was purified torn cett culture fluid containing either 
10% FBS (fetal bovine serum > or no aooed FBS The conditioned ceil culture fluid was first concentrated by 

5 ultrafiltration then purified by tmmunoaffmity chromatography The immunoaffinity column was produced b/ 
coupling murine monoclonal antibody 5B6 (whose epitope is on the HSV-i gO portion of the gOCD4T 
molecule) to glyceryl coated controlled pore glass by the method of Roy et al. 198* The concentrated ceil 
Culture fluid is applied directly to the column and the contaminating protetnVare washed away with neutral 
pH buffer The column is then washed with neutral buffer containing tetramethyiammonium cntonde 

*o followed by neutral buffer containing Tween 80. The bound g DC CUT is etuted from the column with buffer 
at pH3 containing Tween 80 (0 i% w v) and is neutralized immediately as it is eiuted The eiuted 
neutralized g0CO4T is then concentrated by ultrafiltration and diaiyzed diafiltered to exchange the buffer for 
a ohysioiogtcal salt solution containing Tween 60 at approximately 0.1% w v 

if the detergent is not present the gOC04T forms aggregates as evidenced by the ability cf 

•« centnfugation at approximately 1 0.000 Xg for 2 minutes to remove the gOC04T from the solution, 
incubation of gOCD4T at 4°C m O.iM sodium acetate. 0.SM NaO and 0.2SM tns at pM 7 together with 
BSA. Tween 80 or glycerol as candidate stabilizers snowed mat. m the absence of a stabilizer the gOC04T 
gradually aggregated over the soace of 12 days to the pomt where only about 60/- 70% of me crotem «as 
soluble. However, use of 0 i% wv Tween 80 or <0 S mg mi BSA ensured mat about 100% or 80%. 

jo respectively, of the g0CO4T remained soluble over this penod. Surpnsingty glycerol was ineffective as a 
statxMzer and produced results inferior even to me contro*-at 8 days about 80% of me gDCD4T was 
aggregated when stored m me presence of glycerol. 

?s Example 4 



Piasmids were constructed to direct the expression of proteins containing oiffenng lengths of me anmr> 
terminal, extracellular domain of CD4 fused to the constant region of human immunoglobulin >i These 
x piasmids a»e referred to as pRKCD4 2> i. pRKCD4^|. pRKCD4 2>1 . pRKCD4 w> i. pRKCD4, >f and 
pRKCD4^, T i 

Piasmid pRKCD4 4> i contains the portion of the CD4 gene from me initiation codon to the fusion site 
after me cooon for serine resaoe 366 of the mature CD4 polypeptide, immediately followed by me secuence 
coding for me constant region of human immunoglobulin >1. starting at the cooon for senne residue 1 14 of 
;s mature human immunoglobulin >1 i Kabat et at) 

Piasm id pRKCD4^i comams the portion of the CO* gene from me initiation cooon to me fusion site 
after me cooon for lysine residue 360 of the mature C04 polypeptide. »mmeciaie*y followed by me 
secuence coding for me constant region of human immunoglobulin 7 i. starting at me cooon for serine 
residue 1 14 of mature human immunoglobulin y i (Kabat et a/.). 

Piasmid pRKCD4 7> i contains the portion of the C04 gene from me imuancn codon to me fusion site 
after me cooon for gtutamine residue 1 80 of the mature CD-* polypeptide, immediately toiioweo by me 
sequence coding for the constant region of human immunoglobulin y \. starting ai the cooon for serine 
residue 1 14 of. mature human irnmunogibbulin >l (Kabat et a/.). 

Piasmid pRKCD4^i contains the portion of me CD4 gene from me mioatjcn codon to me fusion site 
-5 after me codon for leucine residue 177 of the mature CD4 polypeptide, immediately followed by the 
sequence coding for the constant region of human immunoglobulin >i . starting at me cooon for serine 
residue 1 14 of mature human immunoglobulin y \ (Kabat et a/.). 

Piasmid pRKCD4, > i contains the portion of the C04 gene from the initiation codon to the fusion site 
after me codon for aspamc aod residue 105 of the mature CO* polypeptide, immediately followed by the 
so sequence coding for the constant region of human immunoglobulin >i . starting at me codon for serine 
residue 1 14 of mature immunoglobulin >1 (Kabat et al.) 

Piasmid pRKCD4, l> i contains the portion ot the C04 gene from me initiation codon to me fusion site 
after the codon for leucine residue 100 of the mature C04 ooiy peptide, immediately followed by the 
sequence coding for the constant region of human immunoglobulin 1 . starting at the cocon for serine 
ss residue 1 14 of mature human immunoglobulin yi (Kabat et at.). 

Construction of these piasmids required the prior construction of piasmid pRKC04TP > t it was 
constructed as follows 

A cDNA clone cooing for human immunoglobulin >t *as cbtameo from a human spleen cONA upra/y 
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(Ciontecn Laoor atones, inc » using oligonucleotides based on the published sequence tElhson et a/.. "Nuci 
Ac»ds Res • 2£ 407, - 4 0 7 9 P982]). and an EcoRl-Eagl fragment ithe SccRt site was contributed by a imnen 
containing pan of the variable and an of the constant region was obtained. This fragment was blunted with 
Kienow fragment, and recovered by gel electrophoresis (Fragment at» 

5 Piasmid ORKC04TP was digested with xbal and treated with Kienow Enryme. and Fragment a2. 

containing the linearised piasmid was recovered by gel electrophoresis, and iigated with fragment aJ. The 
ligation mixture was transformed mto E coii strain 294. the transformed culture plated on ampiciilin media 
piates and resistant coionies selected Piasmid ONA was prepared from the transformants and checked by 
restriction analysis to* the presence of the correct fragment m the correct orientation ne the «m« 

•5 munoglobuim coding region in the same orientation as the CD4 coding region, and at the 3 end of the CO* 
coding region). This piasmid is referred to as pRKC04TP >t 

Synthetic oligonucleotides were made as primers for deietionai mutagenesis reactions to fuse the 
appropriate coding sequences of igGi and CD4 as described above. These were svr.;nesi*ed as 48-mers 
comprising 24 nucleotides on each side of me desired fusion site ti e., corresponding to the COOM-'ermmai 

•3 8 residues of the desired CD4 mo*ety. and the NHj •terminal 8 residues of the desired immunoglobulin 
mo#ety> Piasmid pRKC04TP>t *»as transformed into E. cob strain SR101 anc the transformed cultures 
piatec on amptciiim media piates Resistant colonies were selected and grown m the presence cf mi3K07 
bacteriophage to yield secreted, encapsulated single-stranded templates of pRKCD4TP>t The singte- 
stranoed piasmid ONA was isolated and used as the template for mutagenesis reactions with the synthetic 

20 oligonucleotides described above as pnmers The mutagenesis reactions were transformed E. co* SRiOi 
and the transformed culture ptaied on amoicillin media plates Transformants were screened oy co»ony 
nyOfKjiration iref Grunsietn-Hognessi tor me presence of the appropriate fusion site, usmg i6mers as 
probes These i6mers ccmpnse 8 bases on either side of the fusion site, and the hybriouation conditions 
chosen were sufficiently stringent mat the prooes only detect the correctly fused product Colonies 

js oenohed as positive were selected and piasmid ONA was isolated and transformed into E cob strain 
SRiOi The transformed cultures were p*ated on amp*ciibn media plates, and resistant colonies were 
selected and grown m the presence of mi3K07 bacteriophage. Templates were prepared as above and 
screened by sequencing 

The piasmids were transfecteo mto 293 ceils using standard procedures and assayed for expression 
x and production as descnbed above 





Expressed 


Secreted 


pRKC04., > t 






pRKC04,^| 


* 




pflKCOA^i 






pRKC04 r> i 






pRKC04^i 


♦ 


♦ 


pRKC04^! 
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P*asm«3$ also were constructed to direct the expression of fusion proteins containing differing tengtns of 
the amino-terminal. extracellular domain of CD4 fused to the truncated portion of the constant region of 
human immunoglobulin >1 . comprising only the hinge region and constant domains CH; and CHj 

Synthetic oligonucleotides were made as pnmers for mutagenesis reactions to ceiete me *m« 
munogiobufcn sequence from Serli4 to Cys2lS inclusive (Kabat et at). These were synthesized as 48- 
mers compri s ing 242? nucleotides on each side of the desirert fusion site (i.e.. corresponding to the COOH- 
terminal 8 residues of the desired CD4 moiety and the NH; -terminal 8 residues of the desired im- 
munoglooulm moiety I Piasmids pRKC04« > i. pRKC04 3> i and pRKC04, > i were separately transformed 
mto E. cob strain SRiOi and the transformed culture plated on ampiciilin media plates. Transformants were 
screened by colony hybridization tGrunstetn-Hogness) for the presence of the appropriate fusion site using 
I6mers as probes. These i6mers comprise 8 oases on either side of the fusion sue. and the hyoncization 
conditions chosen were sufficiently stringent that the probes only cetect the correctly fused procuc;. 
Colonies identified as positive were selected and piasmid ONA was isolated and transformed mto E. :om 
strain SRiOi. The transformed cultures were plated on ampiciilin media piates. and resistant colonies *ere 
selected and grown m the presence of mi3K07 bacteriophage Templates were prepared as accve anc 
screened by sequencing. 

The piasmid derived from piasmid pRKCD4 4> i is referred to as pRKC04 4 , c ,. mat derived fiom ctasmic 
pRKC04 ?> ) is referred to as pRKC04 7C<; , and that derived from piasmio pRKCD4. > i >s referred to as 
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pRKCD4, c .. 

pRKCD4 ;e .. oRKCD4,,.. ana pRKCD4, rf , are cultured m the same fashion as described above and 
CHt-oeietec CD4 .mmtnoacnesons recovered as aescnoed elsewhere herein 



Light Chain Fusions 

Piasmids were constructed to direct the expression of proteins containing differing lengths of the ammo 
terminal, extracellular domain of CD4 fused to the constant region of human immunoglobulin • These 
*- piasmids are referred to as pRKCD4« a . and pRKC04^. 

Plasmid pRKCD4 4 , contains me portion of the CD4 gene from the initiation cooon to the fusion site 
after the codon for serine residue 366 of the mature CD4 polypeptide, immediately followed by the 
sequence for the constant region of human immunoglobulin .. starting at me cocon lor threonine residue. 
109 of the mature human immunoglobulin •. tKaoat et at). 
•« Plasmid pRKC04 w- contains me portion of the C04 gene from me initiation cooon to me fusion site 

after the cooon for lysine residue 360 of me mature C04 polypeptide, immediately followed by the 
sequence for the constant region of human immunoglobulin «. starting at me cooon for threonine residue 
109 of the mature human immunoglobulin « tKaoat et a/.) 

These piasmios were constructed m a manner analogous to piasrrud pRKCD4 > i cescnoeo aoove. with 
?o the following exception. 

The human immunoglobulin • coding sequence <Rg. 5) was oo tamed from a human spieen cDNA 
library tOontech Laboratories inc > using oligonucleotides based on the published sequence <H»eter. P A. et 
at. Ceil 22 197-207 (1980)) and an £co*A8spMi fragment containing part of me variable region and the 
entire constant region was obtained This fragment was blunted with KJenow fragment and me four oNTPs. 
?s This fragment was used instead of fragment at. ano was used to construct plasmid pRKCCMTP h. 



Example 5 

Culture. PunftcaDcn and formulation of CO* variants 



75 Plasm k3s encoding CD4T. proh/i terminal (CD4TPV or CD4T immunoaohesons were calcium phospnaie 

trans tec ted mto CMOOP7 <a r^omsufcn-transformed autocrine host zeH derived from CMO: US SN 97 472) 
and me transformants grown m se lective medium |1 t HAM Fi2 OMEM GMT* containing l - 10% 
ciafmered > diaiyzed bovine serum > Omer suitable host ceils are CHO cells or 293s numan embryonic 
«icney ceils The translormants were suocioned into the same medium but containing 500 nm methotrexate 
A subclone capable cf secreting Ct>4T. C04tp 500 b. was setecteo CD4tp 500 b is cultured .n a 
OMEM HAM Fi2 medium at aoout 37' C until C04T accumulates m the culture, after wh*cn me medium is 
separated from the ce«s and msotubie matter by centnfuging 

Culture fluid from CD4TP vanstormants was concentrated and oafiitered to lower me »onic strength. 
The concentrate was passed mrougn a large volume of O-Sepharose anion exchange resin (previously 

-»5 equilibrated with 25 mM NaO. cH 8.5> »n order to adsorb contaminants from me culture fluid The 
isoelectric point of CD4TP is about 9 5. thus making n possible to discriminate between truncated forms of 
C04 and most contaminants by alternate adsorption, respectively, on a cation exchange res*n such as 
carboxymetnyi or suifonyi Seonarose. ano an anion exchange resin such a Quaternary ammonium 
Sepn arose in addition, since highly electropositive domains are present in the extracellular segment of C04 

so and C04-containmg variant is purified m me same fashion as CD4TP The unaosorbed culture fiu«o from me 
anion exchange resm step was men passed through a cation exchange resm (previously ecu»iibraieo with 
25 mM NaCl at oh 8.5) whereby CD4TP was adsorbed to me resm. The C04TP was eiutec with a NaCi 
gradient at pH 8.5 this CO variant eiutmg at about 0.2 mM NaCl. Ammonium sulfate was acoed to the 
eiuate to the concentration of i 7M ano the solution oassed through a column ol hydrcohooic interaction 

55 enromatograpny resio (phenyl or outyi Sepharosei. The C04TP was eiutec from the hyoroonooic interaction 
column with a gradient of ammonium sulfate, me CD4TP emerging at aoout 0 7M ammonium sulfate The 
eiuate was concentrated and buffer exchanged on a G-25 column using phoscnat3 oufferec saime 
containing 02 % |wvi Tween 20 or Tween 80 The CD4TP was soiuole and stable m this solution. «mcn 
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was steme filtered and filled into vials as an aqueous formulation. Other polymeric nonionic surfactants are 
suitably used with the CD4 formulations, including Plurontc block copolymers or polyethylene glycol. 

it ts also possible to employ immunoaffimty purification of soluble CD4 wherein the CD4 •$ adsorbed 
onto an immobilized antibody against CD4 This method surfers from the oisadvantage that eiution of the 

i CD4T under acidic conditions leads to protein aggregation that is only thoroughly ameliorated at relatively 
higher levels of surfactant The foregoing procedure permits the use of much lower quantities of surfactant, 
about from 0.01 to 0.10 % <w v> surfactant 

The procedure followed for the purification of C04 fusions with immunoglobulin heavy chain was to 
concentrate recombinant super natants by ultrafiltration and thereafter adsorb the fusion onto resm-immo- 

»c billed Staphylococcal protein A. The fusion was etuted with 0.1M citrate buffer pH 3 with no salt or 
detergent. This preparation is buffered mto tns butler at pH 7.5. The immunoglobulin fusions with C04 VI- 
V4 optionally are further purified by the procedure described above for un fused CCM variants C04 
immunoglobulin fusions with CD4 V1-V2 also may be purified by the procedure above, except that it »s not 
expected that the isoelectric point of this class of molecules will be as alkaline as that of species containing 

•5 ail four v regions of CD4 



Example 6 



The characteristics of several aoheson variants were determined. As shown m table 4 the immunoad- 
nesons C04 4> i and CD*?^ snow improved plasma haif-Me m rabbits, coupled with htgh-affmiry gpi20 
onomg ano an affinity for FC 7 recepto* (determined with U937 ceos) that is comparao*e to that of ou»k 
human lgG> 



Table 4 



3* 





gpi20 KO 
tnM># 


Fc-rR KO 
fnM»- 


Plasma Hart-life " " 
m Rabbits iHrs.i 


CD4T* 


23:04 




02S 


C04 4> i 


12 2 0 1 


2.83 - 0.25 


64 


C04^, 


1.4 : 01 


3.01 = 0.68 


406 


human igG 


NO 


3-52 z 0.5 


21 days" 



* determined m humans 

K0 was determ in ed oy the method of Anderson era/.. "J. Immunol." 
1252735-2741 (1980) 

* determined by the method of Smith et a/.. "Science" 2381704-07 (1987). 
§ residues 1-368 onry 

* * The adneson van ant was injected intravenously into rabbits and samples 
of blood were collected periodically and assayed for the presence of the 
adneson vanant 



Claims 



55 



1 Nucte< acid encoding an ammo seouence variant of an ad he son. 

2 The nucleic acid of claim i wnerem the adneson is a CD4 polypeptide. 

3 The nucleic acid of claim 2 wherein the variant is a CD4 polypeptide in which nucleic acid encoding 
:ne transmembrane domain has been modified whereby the C04 polypeptide encoded thereby contains an 
•nactivateo transmembrane domain 

4 The nucleic acid of claim 3 wnerem the transmembrane domain has been inactivated by its deietion 
or by substituting lor the transmemorane domain an ammo acid sequence having a substantially nydroonuic 
ryoropathy profile. 
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5 The nuctetc acic of claim 2 wherein the variant comprises a fusion of (a) a polypeptide different from 
the C04 and ib> a CO-* polypeptide 

6 The nucleic aoa of ciaim 5 wherem the polypeptide different from the CO* Dears a non-CD4 immune 
epitope 

* 7 The nucleic acio of claim 6 wherein the polypeptide different from C04 is fused to the ammo cr 

carbo»yi terminus of mature CO* and the transmembrane domain of C04 has been inactivated. 

8 The nucleic acid of claim S wherem the different polypeptide comprises a signal sequence. 

9 The nucleic acid of claim 5 wherein the differen polypeptide contains about from S to 300 residues. 

10 The nucleic acid of claim 9 wherein the different polypeptide is capable of eliciting a humoral 
* ; immune response m an animat 

1 1 The nudeic acid of ctaim 10 wherem the different polypeptide «s a viral polypeptide or an allergen 

12 The nucleic acid of claim i wherein the different polypeptide •$ a numan plasma protein navmg a 
piasma haif life greater than from which the transmembrane ocmam has been deleted 

13 The nuctetc acid of cta*m 12 wherein the vacant is a fusion of a poiyoeotide comprising at "east one 
•« v-uke domain of C04 fused wtth a polypeptide comprising an «mmunogioounn constant remain 

14 The nudeic acid of claim i wnerem the aoheson is C04. COS or me high affinity igE recector 

15 The nucleic acid of ctaim 2 wherein the variant consists essentially of the V* through v* or V 
tnrough V : regions of me CD4 antigen 

16 The nucleic acid of claim 2 which consists essentially of me CD4 insert of oC04ANia. 

*r 17 The nucleic acid of ctaim 12 wnerem me differ en polypeptide is aibumm. a lipoprotein or transferrin 

18 The nucleic acid of cia*m 8 wnerem me signal sequence is a bacienai signal sequence 

19 The nudeic acid of ctaim 15 wnerem me variant consists essentially of CD* residues 1-368 

20 The nucteic acid of claim 16 wnerem me variant consists essentially cf CO* residues 1-1 80 

21 The nucie*c acid of ciaim 13 wnerem me immunoglobulin constant comam »s me consent comam of 
an igG heavy chain 

22 Tne nucie< acid of ctaim 5 wnerem me different polypeptide «s a cytcto«»c ootyoeooce 

23 The nucleic acid of cta»m 5 wnerem me cytotoxic polypeptide »s a dipmena tc»m A 

24 A composition comprising an acheson ammo acid sequence vanant wn*cn is mcacao*e of ceil 
memorane anchorage 

» 25 The composition of ciaim 24 wr^erem the ache son variant comprises a CD4 ammo ac:C sequence 
capable of binding gpi20 

26 The composition of ctaim 25 furme* comprising an agent for inhibiting me aggregation cf me variant 
selected from me grouo of a preoetermmeo protem and a surfactant. 

27 The composition of claim 26 wnerem me agent is a surfactant. 

*5 28 The composition of claim 27 wnerem me surfactant »s Tween 60 or T»een 20 

29 The composition of ciaim 25 wnerem me CD4 transmembrane oomam has been deleted or nas 
been substituted for by an ammo aod sequence having a substantially hydropmbc hycrcoamy profile. 

30 The composition of claim 29 wmcn «s steme anc wtucn further comprises a physiologically 
acceptable earner 

jc 31 The composition of claim 25 wnerem me variant comprises an immunoglobulin ammo acio 

sequence 

32 The composition of claim 3i wnerem the immunogiooulin sequence comprises a constant domain 
sequence of an immunoglobulin heavy cnam 

33 The composition of ctaim 32 wnerem me constant domain is linked at its N-termmus to me C- 
j5 terminus of a trarrsmembrane-oe*eted CO* polypeptide 

34 The composition of claim 33 wnerem me C04 polypeptide contains V- V; 

35. The composition of claim 33 wnerem me CD4 polypeptide contains V- V : V?W 

36 The composition of claim 31 wnerem me me variant »s m me form of a aimer 

37 The composition of claim 36 wherein me composition comprises a fusion of a CD4 V-ti«e coriam to 
so an immunoglobulin heavy chain constant domain 

38. The composition of ciaim 24 wnerem me variant is selected from me grouo consisting ;f 
(at AC t : 
tbl AC-AC. : 

ici AC--|AC. Ad- AC. AC.-V.C. V.C t -AC. or V.C.-V-C-J: 
55 «d) AC-AC-(AC ACt-AC— AC V -V-C. V..C.-AC or V v C t -V..Cj: 
<ei AC_-V-C-{AC. AC V -AC. AC.-V-C V.Ct-AC-. or V^-V-CJ: 
ill V..C L -AC-{AC AC.-AC-. AC.-V-C. V t C-AC-. Or V.„C,-V..C] 
Or 
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•9»(A-vi w .[v,C v .V.C-) 

wherein A is a C04 polypeptide containing a CD4 vanaoie region-like comam: v t . V-. C t and C*. represent 
light o» heavy chain vanabte or constant domains of an immunoglobulin n is an integer: and v designates 
the residue of a covaient cross-linking agent 
5 39 The composition of claim 38 wherein the V t and V„ domains are capable of omding a predeter- 

mined antigen. 

40 The composition of claim 31 wherein the immunoglobulin sequence t$ obtained from igGi. igG2. 
lgG3. lgG4. IgA. »g£. IgD or IgM 

41 The composition of claim 25 wherem the variant comprises a polypeptide different from C04 which 
*r «s nonimmunogentc in humans. 

42 The composition of ciaim 41 wherem the variant comprises a polypeptide wmcn »s immunogenic in 
humans. 

43 The composition of claim 4i wnerem the variant comprises a polypeptide having a human plasma 
naif life wmcn is greater than about 20 hours 

*- 44 Tn ® composition of claim 4t wherem me variant comprises a numan transiernr. aoonpoorotein or 
albumin polypeptide 

45 The composition of claim 25 wnerem me variant ccmpnses a cytotoxic ooiypeooce 

46 The composition of claim 45 wnerem me cytotoxic polypeptide is non A cnam or ootnena toxin A. 

47 A polypeptide composing a CD4 ammo acid secuence caoac:? of binding gpl20 «h<n .s cross- 
jo unkeo to cat polypeptide having a piasma naif life cf greater man about 20 hours or <b» a cytotoxic 

poiypeotioe. 

48 The polypeptide of claim 47 wnerem the polypeptide of «ai »s ffansfemn. an aoofaoocrotem or 
aibumm 

49 The polypeptide of claim 47 wherein me cytotoxic polypeptide is c/oss-fcnfced to the CD4 vanao*e- 
hke domain by a Afunctional cross-^nmng agent 

50 A method for preparing an aoneson variant comprising transfecong a host ceil wim the nude< acid 
of claim t 

51 A method for preparing an adheson variant comprising recovering me variant from me culture of a 
host ceil transfecteo with me nucie*c acxo of ciaim i 

x 52 The method of ciaim 5» wheretn me adheson is CD4 and me vanant is recovered from me culture 
medium of me host ce" 

53 The memod of claim 52 wnerem me variant is recovered by adsorption onto a ration exchange 
resm. 

54 The method of claim 53 wnerem me variant »s recovered by adsorption of contaminants onto an 
75 anmn exchange resin. 

55 The memod of claim 52 wherem me variant tacks a functional tiansmem or ane dcmam. 

56 The method of claim 52 wherem wnerem a salt is accec to the culture medium to occupy charged 
domains of me vanant. the resulting solution is contacted wim a hyoroorxxx affinity chromatography resm 
to adsorb the vanant. and the vanant eiuted from me resm by washing me resm wim a cectmrng gradient of 

■=c salt. 

57 The method of claim 52 wnerem me vanant is recovered by immuncaffimty chromatography. 

58 The method of claim 57 wherem the immuncaffmity cnrcmatograpny i$ directed against a 
polypeptide different from CD4 whach ts fused to CD4 

59. A method for me treatment of an HIV mtecnon comprising aomtmstenng to a patient infected with 
js HIV a therapeutically effective dose of an ammo acid secuence variant of CD4 
GO. A repncao<e vector comprising me nuctetc acid of ciaim i 

61 A process which comprises the preparation of nucietc acid according to any one of claims t to 23. a 
composition according to any one of claims 24 to 46 or a ootyoepitoe according to any one of claims 47 to 

49 
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